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MIDLAND    INSTITUTE    OF    MINING,    CIVIL,    AND 
MECHANICAL   ENGINEERS. 


GENERAL   MEETING, 
Held  at  the  Queen  Hotel,  Leeds,  Tuesday,  November  17th,  1891. 


Mb.  T.  W.  EMBLETON,  Past-President,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read  and  confirmed. 


The  following  gentlemen    were   elected    Members   of   the    Institute, 
having  been  previously  nominated  : — 

Mr.  Larbatt  Crossley  Parkin,  Assistant  Colliery  Manager,  Rylands  Main 

Colliery,  Barnsley. 
Mr.  P.  G.  Worth,  Electrical  Engineer,  Harrogate. 
Mr.  Samson  Fox,  Civil  Engineer,  Grove  House,  Harrogate. 
Mr.  Henry  George  Townsend,  Assistant  Colliery  Manager,   Darfiefd  Main 

Colliery,  Barnsley. 
Mr.  Jno.  William  Simpkin,  Colliery  Manager,  Joan  Royd  Colliery,  Heck- 

mondwike. 
Mr.  William  Alexander  Ritson,  Mining  Engineer,  Crurnpsall,  Manchester. 
Mr.   Francis   W.    Hardwicke,    M.A.,    Mining    Engineer.    Firth    College. 

Sheffield. 
Mr.  S.  Herbebt  Cox,  F.G.S.,  Mining  Engineer,  13,  St.  Helen's  Place.  London, 

E.C. 
Mr.  Alfeed  Woodhead.  Colliery  Manager,  Low  Moor  Iron  Works,  Bradford. 
Mr.  George   Robinson,  Colliery  Manager,  Park  Farm  Colliery,  Heckmond- 

wike. 


Mr.  John  Nevin  read  the  following  paper  "  On  an  Instance  of  Stop- 
ping Back  Water  by  Brick  Dams"  : — 


AX  IXsi'ANCi;  OF  STOPPING   BACK  WATEB  UY  BRICK  DAHS. 


ON  AX   INSTANCE  OF  STOPPING   BACK   WATEB  BY 
BEICK  DAMS. 


By  joiix  \i:vi\. 


Tlie  sinking  (>f  the  Mirfield  Moor  Pit  was  commenced  in  the  year 
L882.     After  passing  through  some  old  workings  at  a  depth  of  about 

10  yards,  the  water  in  which  was  tubbed  out  by  brick  and  cement 
walling,  little  water  was  met  with  down  to  a  depth  of  72  yards,  at 
winch  depth  the  feeders  did  not  exceed  LOO  gallons  per  minute. 

As  the  pit  top  is  about  340  feet  above  Ordnance  datum  line,  this 
depth  corresponds  very  nearly  to.  or  is  a  little  below,  the  river  ('alder, 
the  level  of  which  is  130  to  140  feet  above  Ordnance  datum,  and  the 
nearest  part  of  which  is  distant  about  1,000  yards  from  the  pit. 

At  a  depth  of  88  yards  a  strong  open-jointed  rock  was  met  with, 
which  continued  to  a  depth  of  112  yards.  The  feeders  in  this  amounted 
to  at  least  000  gallons  per  minute,  and  were  stopped  back  by  42  yards  of 
metal  tubbing  and  13  yards  of  double  brick  and  cement  walling,  reaching 
from  a  depth  of  125  yards  to  70  yards. 

On  referring  to  Fig.  1,  Plate  X.,  it  will  be  seen  that  this  rock  crops 
out  in  the  bed  of  the  river,  and  there  is  no  doubt  that  this  was  the 
source  of  the  water.  In  fact,  this  was  proved,  as  during  the  sinking  a 
syphon  drift  was  being  driven  to  carry  a  sewer  under  the  canal,  at  a 
point  where  it  connects  with  the  river;  so  long  as  we  were  pumping 
the  feeders  in  the  stone  at  Mirfield  Moor,  any  water  which  found  its  way 
into  this  drift  disappeared  in  the  bottom  ;  but  when  we  ceased  pumping 
the  drift  was  flooded  ;  and  after  our  tubbing  was  closed,  two  portable 
engines,  with  powerful  centrifugal  pumps,  were  employed  to  keep  this 
drift  clear  of  water  until  it  was  finished. 

The  coal  which  is  now  being  worked  at  Mirfield  Moor  was  reached  at 
a  depth  of  152  yards  1  foot. 

On  driving  out  south-west  towards  the  river,  a  throw-up  of  00  feet 
was  met  with,  at  a  distance  of  120  yards  from  the  pit,  in  which  distauce 
the  coal  had  risen  about  7  feet. 

This  and  another  throw-up  of  about  10  feet  (together  70  feet)  were 
cut  through  by  a  stone  drift,  rising  <>  inches  to  the  yard,  and  on  the  top 
Bide  of  them  the  straight  work  was  extended  in  the  coal  to  a  distance  of  300 
yards  from  the  pit,  when,  in  the  year   1887,  water,  amounting  to  200 
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gallons  a  minute,  commenced  to  come  in  a  stratum  of  about  2  inches  of 
soft  dirt  immediately  underlying  the  coal. 

As  this  water  ran  through  a  mile  and  a  half  of  workings  to  the  pump- 
ing shaft,  and  had  to  be  pumped  from  a  depth  of  200  yards,  the  district 
was  stopped,  and  left  for  some  time  to  see  if  the  feeder  would  lessen  ;  but 
as  no  decrease  could  be  observed,  it  was  decided  tin's  year  to  try  to  dam 
the  water  back. 

During  this  time  several  plugs  had  been  bored  out  of  the  tubbing  in 
the  shaft  to  see  if  the  level  of  the  water  behind  it  had  lowered,  but  this 
was  not  found  to  have  altered. 

As  the  dirt  immediately  under  the  coal  on  the  top  of  the  throw  was 
so  soft  that  a  yard  stick  could  be  pushed  some  way  into  it,  and  would 
have  given  way  to  the  water  under  pressure,  a  suitable  place  was  sought 
out  at  the  foot  of  the  throw,  where  the  measures  are  stronger,  and  brick 
dams  were  put  in  both  the  intake  and  return  roads. 

The  dams  were  formed  of  bricks  made  for  the  pit  walling,  lo-inches 
long,  6-inches  wide,  and  Si-inches  thick,  made  to  a  radius  of  6  feet,  and 
set  in  Portland  cement.  The  dam  in  the  intake  drift  which,  when  all  the 
loose  sides,  etc.,  had  been  cleared  off,  measured  10-feet  6-inches  wide  by 
7-feet  6-inches  high,  had  a  thickness  of  six  courses  of  bricks,  with  1  inch 
of  cement  between  each  course,  the  joints  being  crossed  both  vertically 
and  horizontally  (Figs.  2  and  3,  Plate  X.).  The  dam  in  the  return, 
which  was  5 -feet  10-inches  wide  by  5-feet  3-inches  high,  had  five  courses 
of  bricks.  The  floor,  roof,  and  sides  of  the  drifts  were  cut  back  18 
inches ;  and  in  the  intake  a  6 -feet  length  of  arching,  backed  with  con- 
crete, was  placed  on  the  out-bye  side  of  the  dam,  as  the  roof  showed 
signs  of  weakness. 

A  metal  pipe,  6-inches  diameter  in  one  dam  and  4-inches  diameter 
in  the  other,  was  placed  near  the  bottom  to  allow  the  water  to  pass 
during  construction,  and  a  manhole  pipe  was  placed  in  each  to  provide 
for  the  passage  of  men  and  materials,  and  for  ventilation. 

The  dams  were  completed  during  August,  and  on  September  1st  the 
manhole  lids  were  put  on,  a  ^-inch  tap  being  left  open  in  the  lid  in 
the  return  dam,  and  a  pressure  gauge  placed  on  the  intake  dam. 

On  the  following  dates  the  pressure  was  as  follows : — 

September  2,  the  pressure  was  40  lbs.  per  square  inch. 
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corresponding  bo  a  vertical  height  of  250  feet,  and  giving  a  pressure 
of  6'97  tons  per  square  foot. 

On  referring  to  Pig.  1,  Plate  X.,  it  will  be  seen  thai  250  feet  is  the 
vertical  height  between  the  site  of  the  dams  and  the  river,  and  there  is 
no  doubt  that  the  feeder  is  connected  with  the  water  tubbed  hack  daring 
sinking,  and  comes  from  the  river  where  the  rook  crops  out  in  its  bed, 
percolating  from  the  rock  through  some  of  the  faulted  measures  to  the 
soft  stratum  under  the  coal. 

Since  September  11th  the  pressure  on  the  dams  has  not  varied,  and 
they  have  remained  quite  tight. 

The  cost  was  as  follows  :  — 

5,600  bricks.., 

Portland  cement,  1 1  tons  at  42s.  6tl. 

Cast-iron  pipes 

Labdnr 

Total 

For  this  sum  a  heavy  feeder,  which  had  to  be  pumped  200  yards,  has 
been  effectually  stopped  back. 
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Mr.  Longbotham  complimented  Mr.  Nevin  upon  the  thoroughly 
successful  manner  in  which  he  had  built  the  dams,  and  stated  that  the 
question  of  dam  building  was,  unfortunately,  one  of  considerable  interest 
to  him  at  present.  He  had  built,  in  connexion  with  a  goblire  at 
the  Barrow  Colliery,  strong  frame  dams,  intended  lor  the  purpose  of 
assisting  in  drowning  out  the  fire  ;  but  the  roof  and  sides  being  very 
weak,  he  had  found  the  greatest  difficulty  in  preventing  leakages  from 
that  cause.  The  dam  built  by  Mr.  Nevin  seemed  to  have  so  slight  a  hold 
on  the  sides,  that  the  sides  themselves  must  be  very  strong,  otherwise  it 
seemed  impossible  that  such  a  pressure  as  5  or  6  tons  per  square  foot  could 
be  resisted  successfully.  He  would  ask  Mr.  Nevin  if  any  breaks  in  the 
coal  had  been  observed,  and  whether  the  whole  of  the  beds  had  been  laid 
in  cement  ? 

Mr.  Nevin  replied  that  there  were  no  breaks  in  the  coal  sides,  ami 

that  tile  whole  of  the  beds  Were  laid  ill  celiieiil.  'The  \eitical  Joints  Were 
about  an  inch  wide,  and  were  tilled  with  cement.  The  joint  of  each 
course  of  bricks  was  crossed  vertically  with  the  other,  (hie  row  of  bricks 
was  begun  with,  ami   the  next    was  of   half  thickness,  BO  that   the  joints 
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were  crossed.  They  depended  more  upon  the  cement  than  upon  the 
bricks.  With  that  pressure  he  thought  any  bricks,  without  the  cement, 
would  sweat  water  through 

Mr.  Longbotham  asked  how  Mr.  Nevin  took  observations  of  the 
pressure  ? 

Mr.  Nevin  replied  that  they  had  a  pressure  gauge  at  the  manhole  lid. 
Mr.   Gerrard  asked  if  the  outer  arched  wall  strengthened  the  dam 
considerably  ? 

Mr.  Nevin — Yes. 

Mr.  G-errard— Not  only  with  regard  to  the  dam  itself — the  brick- 
work, but  also  the  sides  ? 
Mr.  Nevin — Yes. 

Mr.  T.  W.  H.  Mitchell  said  they  had  built  one  about  seven  years  ago 
with  two  reversed  arches  of  that  kind,  filled  in  with  dried  soil ;  it  weeps 
very  little  to  this  day,  and  it  went  well  into  the  sides. 

Mr.  Nevin  replied  that  it  was  always  damp,  but  there  was  no  real 
amount  of  water  coming  through  at  all. 

Mr.  Nash  said  that  if  it  were  built  as  he  understood  Mr.  Nevin, 
each  oue  of  the  courses  half  a  brick  above  the  other,  how  did  he  get 
the  cross  ties  to  tie  them  all  together  ? 

Mr.  Nevin  said  they  had  no  cross  ties ;  they  depended  on  the  cement 
rather  than  on  the  bricks. 

Mr.  Longbotham  asked  how  long  had  the  dam  been  in  ? 
Mr.  Nevin  replied  that  the  lids  were  put  on  on  the  1st  of  September — 
it  was  now  the  middle  of  November  ;  and  the  full  pressure  was  recorded 
in  about  ten  days. 

Mr.  Longbotham  asked  whether  any  weakening  of  the  coal  sides  had 
been  observed  ? 

Mr.  Nevin  replied  that  they  looked  perfectly  good. 
Mr.  Lupton  asked  why  the  water  came  on  the  top  side  of  the  fault 
and  not  the  lower  side  of  the  fault  below  the  dam  ? 

Mr.  Nevin  replied  that  the  theory  he  had  was  this — that  the  rock 
being  about  14-yards  thick,  a  throw  of  something  like  20  yards  had 
thrown  the  rock  clear  of  itself,  so  that  the  fault  had  stopped  the  water 
coming  to  the  coal  below  the  fault. 

Mr.  Lupton  said  he  understood  the  water  was  in  the  shaft  on  the 
lower  side  of  the  fault. 

Mr.  Nevin  replied  that  this  was  the  case,  and  that  they  had  cut  plugs 
out  of  the  tubbing  and  found  it  was  there  yet,  but  it  did  not  seem  to 
get  down  to  the  coal.     They  always  got  a  little,  but  not  to  any  extent. 
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The  Chairman  asked  if  the  scam  of  coal  was  below  the  level  of  the 
river  ? 

Mr.  Nevin — Yes ;  250  feet  below. 

The  Chairman  said  that  was  easily  accounted  for ;  if  you  found  this 
water  in  sinking  the  shaft  the  fault  spoken  of  would  be  an  effectual  dam, 
cutting1  it  otf  entirely. 

Mr.  Xkvin  said  that  was  his  opinion.  They  got  the  water  in  the 
stone,  but  did  not  get  it  in  the  coal. 

The  Chairman  asked  if  he  (Mr.  Nevin)  had  got  water  from  the 
stone  on  the  rise  side  of  the  fault  ? 

Mr.  Xkvin  said  he  thought  it  must  have  come  from  the  stone.  It 
was  known  that  there  were  faults  between  them  and  the  river,  and  it 
must  have  got  through  the  fissures  of  the  faults  into  the  soft  dirt  under 
the  coal.  He  was  astonished  to  find  it  coming  under  the  coal.  If  they 
had  had  it  in  the  top  of  the  coal  where  they  had  a  break  he  could  have 
understood  it,  but  it  came  from  the  bottom  in  a  straight  work  place, 
5-feet  wdde. 

The  Chairman  supposed  the  coal  was  pretty  hard,  and  none  of  it  had 
come  away  ? 

Mr.  Nevin  said  it  was  a  tender  coal,  and  held  very  well.  He  thought 
first  of  having  metal  tubbing  put  in. 

Mr.  Gerhard  asked  if  Mr.  Nevin  expected  to  work  any  seam  below 
that  ? 

Mr.  Nevin — Not  at  present,  certainly. 

The  Chairman  asked  did  he  (Mr.  Nevin)  think  the  pressure  was 
caused  by  the  water  itself,  or  by  the  pressure  of  an  accumulation  of  gas 
in  the  workings  ? 

Mr.  Nevin — By  the  water  itself,  because  it  corresponded  exactly  with 
the  pressure  height  from  the  river.  They  had  a  ^-inch  pipe  left  open 
to  relieve  any  gas  which  might  come. 

Mr.  lioUTLEDGE  supposed  the  district  was  shut  off? 

Mr.  Nevin — Yes:  they  had  not  done  anything  in  it  for  some  years 
before  they  put  the  dam  in. 

Mr.  LTJPTON  asked  what  was  the  distance  between  the  seam  of  coal 
and  the  rock  ? 

Mr.  Nevin — Forty  yards. 

Mr.  EtOUTLEDGE  asked  if  it  did  not  show  any  signs  in  the  roof  ? 

Mr.  Xkvin— No:  they  could  not  sec  anything  in  the  roof. 

Mr.  Gerrard — No  sweating  ? 

Mr.  Xkvin  replied  that  unless  they  had  very  cold  weather  it  showed 
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sweating.  As  long  as  the  temperature  of  the  air  was  more  than  that  of 
the  cold  water  behind  the  dams  the  moisture  would  condense  on  them. 
They  had  a  soft  bind  roof,  and  they  had  most  trouble  with  it  in  summer, 
because  all  the  intake  air- ways  in  summer  would  be  standing  in  drops ; 
but  they  could  not  say  that  any  water  came  from  behind  the  dams. 

The  Chairman  said  they  would  frequently  find  that  to  be  the  case 
that  cold  moist  air  entering  the  mine  condensed  against  the  roof  and 
sides. 

Mr.  Kevin — Yes;  and  when  it  was  all  damp  about  he  thought  it 
was  condensation  moisture. 

Mr.  Longbotham  asked  how  long  Mr.  Nevin  allowed  the  dam  to 
stand  before  he  closed  it  ? 

Mr.  Nevin — A  week. 

Mr.  Gerrard  asked  if  he  had  used  slow-setting  or  quick-setting 
cement,  and  if  the  water  flowed  over  it  as  it  was  laid  ? 

Mr.  Nevin  said  it  would  take  about  ten  minutes  to  set,  and  they  had 
put  pipes  through,  and  had  wooden  spouts  whilst  they  put  the  bottom  in. 

The  Chairman  said  it  seemed  to  him  an  unaccountable  thing  at 
present  how  the  water  could  pass  through  the  coal  into  the  spavin. 

Mr.  Nevin  replied  that  the  only  way  he  could  account  for  it  was  this — 
they  knew  they  had  open  ground,  and  there  must  have  been  open  fissures 
in  the  faults  which  brought  it  down  below  the  coal. 

Mr.  Nash  asked  what  was  the  area  of  workings  behind  the  stopping 
that  the  water  could  fill  ? 

Mr.  Nevin — Perhaps  500  yards  straight  work. 

Mr.  Nash — No  goaf  in  which  the  water  could  get  to  form  a  pressure 
of  itself  ? 

Mr.  Nevin — No ;  500  yards  of  straight  work  3-feet  high  and  5-feet 
wide. 

Mr.  Nash  said  that  would  lead  them  to  the  idea  that  the  water  came 
from  the  river,  because  such  a  pressure  could  not  be  formed  in  such  a 
small  space  of  open  workings. 

The  Chairman  said  the  increased  pressure  might  be  accounted  for  in 
this  way :  that  the  whole  space  occupied  by  that  water  after  the  first 
pressure  would  be  simply  from  the  accumulation  before  the  water  reached 
the  level  of  its  source,  and  that  would  be  the  pressure  at  which  the  water 
was  then  standing. 

Mr.  Nash — Which  corresponds  really  with  the  bottom  of  the  river. 

The  Chairman  said  it  was  an  interesting  paper,  and  one  which 
should  be  carefully  discussed.     He  thought  they  should  give  their  best 
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thanks  to  Mr.  .Vvin  for  writing  sneh  a  paper  and  informing  them  how 
these  things  could  be  managed  when  they  occurred  in  similar  situations. 
He  proposed  thai  a  rote  of  thanks  be  given  to  him  for  his  paper. 

Mr.  GeRRABD  said  that  he  thought  this  was  one  of  a  class  of  papers 
of  which  they  were  much  in  want — a  practical  paper.  It  was  not  put 
forward  as  in  any  way  a  permanent  means  of  shutting  oil'  water — 
much  more  elaborate  measures  would  have  to  !><•  taken  for  that — but 
that  it  had  answered  in  this  ease  was  conclusive  as  affording  at  any 
rate  relief  from  a  very  great  burden.  He  should  hope  in  the  discussion 
of  this  practical  paper  that  members  who  had  had  similar  experience 
would  give  them  the  result  of  their  experience,  so  that  it  might  be  a 
peg  on  which  they  could  hang  accounts  of  their  dams.  He  had  great 
pleasure  in  seconding  the  motion,  which  carried  with  it  the  proposal 
that  the  paper  be  printed  in  the  Transactions. 

The  Chairman  said  chat  the  methods  of  damming  water  were  very 
various.  It  might  apply  in  one  situation  and  be  successful,  but  in  another 
situation  other  methods  might  have  to  be  adopted  to  secure  safety  and 
prevent  the  water  coming  through.  Some  years  ago,  in  sinking  a  shaft. 
a  great  quantity  of  water  was  found  unexpectedly.  In  fact  they  had  to 
sink  through  a  reservoir  which  supplied  all  the  springs  in  the  country- 
side, and  all  were  dried  up  in  consequence  of  the  water  being  tapped. 
They  put  in  ashlar  tubbing  laid  in  cement  and  backed  up  with  dry  soil, 
and  when  the  tubbing  was  finished  the  water  returned  to  its  original 
course. 

The  resolution  was  carried. 


DISCUSSION  ON  MR.  WM.  FOCi GIN'S  PAPEB  ON 
"  LOCKED  COIL  WIRE  ROPES." 

The  CHAIRMAN  a-sked  if  any  member  knew  any  instance  in  which 
the  rope  was  used;  of  any  place  where  it  was  used  in  Yorkshire  ? 

.Mr.  Lupton  said  he  knew  of  its  being  used  from  reading  the  Trans- 
actions of  the  South  Wales  Institution  of  Engineers.  In  the  discussion, 
several  gentlemen  mentioned  that  they  had  used  the  rope.  It  had  been 
used  both  as  a  winding  rope  and  as  a  hauling  rope. 

Mi'.  \'k\  in  asked  if  the  results  were  satisfactory? 

Mr.  LUPTOH  said  that  according  to  the  results  returned  to  the  Insti- 
tution they  were  very  satisfactory.  One  of  the  chief  advantages  in 
sinking  wis  that  it  did  not  spin  with  the  winking  tub. 
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Mr.  ii.  ituuiLEDGE  enquired  whether  an  ordinary  splice  would  mend 
it? 

Mr.  J.  Longbotham  said  he  should  not  like  to  splice  an  ordinary 
winding  rope. 

Mr.  T.  W.  H.  Mitchell  said  it  had  been  used  for  sinking  purposes. 

Mr.  Nevin — One  wants  to  splice  a  hauling  rope  sometimes. 

Mr.  Xash  said  it  seemed  very  difficult  to  splice,  and  that  it  was  only 
adapted  for  winding  purposes. 

Mr.  Nevin  did  not  see  how  it  could  be  spliced  just  as  one  saw  it  in 
a  sketch. 

The  Chairman  said  he  did  not  see  there  was  any  twisting  round  at 
all.  If  you  Avent  down  with  a  hemp  rope  without  a  guide  you  would 
find  plenty  of  twisting  round,  and  be  glad  to  sit  down  in  the  bottom  of 
the  tub  as  he  had  done  many  times  to  keep  himself  in. 

Mr.  T.  W.  H.  Mitchell  said  there  was  a  good  deal  of  twist  in  a 
winding  rope. 

The  Chairman — Not  with  a  sinking  tub. 

Mr.  T.  W.  H.  Mitchell — With  a  sinking  tub  they  twist  considerably. 

Mr.  Gerrard  said  that  apart  from  the  twist  it  must  put  a  strain  on 
the  rope  where  guides  were  not  used.  If  that  twist  were  felt  by 
engineers  they  should  have  an  improvement  in  sinking  by  the  much 
more  frequent  use  of  guides,  which  was  much  to  be  desired.  In  the 
appliances  used  in  sinking,  drilling  holes,  and  the  arrangements  for 
walling,  less  progress  had  been  made  than  in  any  other  branch  of  mine 
engineering. 

The  Chairman  said  he  could  speak  of  sixty  or  seventy  years  ago, 
and  he  said  that  the  arrangements  for  sinking,  especially  in  walling  and 
sustaining  the  cage  for  walling,  were  far  superior  to  those  of  sixty  years 
ago.  He  remembered  that  then  the  walling  platform  was  attached  to  a 
rope  that  was  wound  round  a  crab,  and  as  that  was  wound  up  it  was 
taken  up  by  a  tail  crab.  Many  accidents  could  happen  then  which 
could  hardly  happen  now. 

Correspondence. 

Mr.  Foggin,  in  reply,  said  that  some  difficulty  had  been  experienced 
in  splicing  these  ropes,  but  it  had  been  overcome  by  the  invention  of  suit- 
able couplings,  which  could  be  readily  adjusted  to  a  broken  or  injured  rope. 
Some  of  these  couplings  after  being  several  years  in  use  hid  been  exhibited 
at  the  London  meeting.     1  f  members  would  study  the  interesting  construe- 
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tion  of  a  locked  coil  rope,  they  would  see  that  owing  to  the  absence  of  all 
torsional  si  rain  it  was  quite  impossible  for  the  rope  to  make  a  single  turn, 
even  when  suspended  in  a  sinking  shaft,  and  winding  a  sinking  kibble 
independent  of  guides.  This  fact  was  abundantly  proved  in  practice. 
Mr.  H.  Hall,  H.M.  Inspector  of  Mines,  had  lately  been  run  two  or  three 
times  up  and  down  a  sinking  pit  with  one  of  these  ropes,  and  said : — "  I 
found  the  hoppet  run  very  steadily,  indeed  more  steadily  than  ever  I 
remember  one  down  a  sinking  pit  before."  He  apprehended  that  Mr. 
J.  Grerrard's  remarks  referred  to  the  old  style  of  rope,  which  could  not  be 
manufactured  without  increasing  the  torsional  strain  upon  the  wires,  and 
as  long  as  such  a  rope  remained  at  work  this  strain  must  necessarily  be 
very  detrimental  to  its  fair  working,  especially  when  winding  a  cage 
running  in  guides,  as  this  great  strain  necessarily  increased  the  friction 
between  the  cage  and  the  guides.  The  slow  improvement  in  sinking 
arrangements  might,  until  half  a  dozen  years  ago,  be  paralleled  by  our 
stationary  position  with  regard  to  colliery  ropes  ;  and  in  spite  of  the 
improvements  lately  introduced,  the  original  form  of  ropes  may  still  be 
seen  at  work  at  the  large  majority  of  collieries.  He  objected  to  the 
opinion  put  forward  by  Mr.  J.  A.  Longdcn  at  the  London  meeting* 
that  the  modern  mining  engineer's  judgment  should  be  hampered  by 
what  a  jury  might  consider  as  the  useful  life  of  a  rope.  This  was  too 
much  like  the  ancient  history  of  the  introduction  of  railways,  and  if 
engineers  had  to  be  met  with  such  objections  at  every  turn,  all  improve- 
ment would  be  nipped  in  the  bud. 


DISCUSSION   ON    MR.  G.  B.  WALKER'S  "NOTES  ON  THE 
COAL-FIELDS  OF  NEW  SOUTH  WALES." 

Mr.  Loxgbotiiam  said  that  in  Mr.  Walker's  absence  they  could  not 
discuss  the  paper,  but  he  should  like  to  propose  that  the  best  thanks  of 
the  Institute  be  given  to  Mr.  Walker  for  the  way  in  which  he  had  repre- 
sented the  Midland  Institute  in  presenting  so  able  a  paper  to  the  Federated 
Institution. 

Mr.  Nevjx  seconded  the  motion,  which  was  carried. 


*   Transaction*,  vol.  ij..  page  266. 
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DISCUSSION   ON   MR.  JOHN   McLAREN'S  PAPER  ON  "THE 
ECONOMICAL  USE  OF  STEAM  IN  COLLIERY  ENGINES." 

Mr.  Lupton  wished  Mr.  McLaren  had  been  present.  He  was  a  man 
who  was  so  exceedingly  careful  and  accurate  in  all  that  he  said  that  he 
should  like  to  have  asked  him  if  he  had  himself  made  experiments  on 
the  efficiency  of  egg-ended  boilers.  At  page  345*  he  said  the  water 
evaporated  by  one  pound  of  coal  from  water  at  a  temperature  of  212 
degs.  Fahr.,  was,  in  egg-ended  boilers,  4,(j  lbs. ;  in  Lancashire  boilers, 
8  lbs.;  in  tubular  boilers,  7  to  10  lbs.;  and  in  locomotive  boilers, 
1 1  lbs.  He  had  always  been  anxious  to  come  across  careful  experiments 
as  to  the  exact  performances  of  egg-ended  boilers,  because  there  was 
a  difference  of  opinion  amongst  practical  engineers.  He  remembered  a 
paper  read  before  the  Cleveland  Institute,  in  which  a  gentleman,  having 
made  elaborate  experiments,  maintained  that  the  egg-ended  boiler  was  as 
economical  as  either  the  Cornish  or  the  Lancashire  boiler.  That  struck 
him  as  interesting  and  important ;  and  it  agreed  with  the  statements  of 
old  engineers  of  great  experience,  who  had  said  there  was  not  much  differ- 
ence in  the  economy.  It  seemed  that  Mr.  McLaren  based  the  superior 
economy  of  the  Lancashire  boiler  upon  the  lower  temperature  of  the  gases 
going  up  the  flue.  But  the  temperature  of  the  gases  going  up  the  flue 
depended  to  a  great  extent  upon  the  rate  of  combustion.  The  combus- 
tion of  the  fuel  with  the  egg-ended  boiler  might  be  kept  down  so  that 
the  temperature  of  the  gases  going  up  the  flue  should  be  any  chosen  tem- 
perature. The  answer  would  be  in  that  case  "  you  are  not  getting  much 
efficiency  out  of  the  boiler."  Of  course  there  might  be  reasons  in  favour 
of  egg-ended  boilers  apart  from  efficiency,  and  they  might  prefer  to  lay 
out  capital  on  egg-ended  boilers  if  they  could  get  the  same  amount  of 
economy  for  the  fuel,  no  matter  if  they  had  more  egg-ended  boilers  which 
occupied  more  room  than  if  they  had  adopted  the  Lancashire  boiler.  He 
knew  it  was  often  said  that  the  Lancashire  boiler  gave  twice  the  efficiency 
of  the  egg-ended  boiler  and  he  had  been  anxious  to  get  the  results  of 
exact  experiments.  He  should  be  glad  to  get  them  from  some  gentleman 
who  might  have  made  such,  and  it  would  be  very  instructive. 

Mr.  Longbotham  said  it  was  difficult  to  compare  two  different  classes 
of  boiler  unless  the  exact  data  for  comparison  was  known.  They  had 
at  the  Barrow  Colliery  in  connexion  with  certain  of  the  coke  ovens  long 
cylindrical  or  plain  egg-ended  boilers,  and  they  had  in  connexion  with 

*  Transactions,  vol.  ii. 
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other  ovens  double-tubed  boilers  of  the  Lancashire  type.  But  the  con- 
ditions under  which  the  gases  were  allowed  to  pass  under  the  boilers 
varied,  so  that  it  was  very  difficult  to  obtain  exactly  accurate  and  parallel 
results.  Speaking  generally,  he  would  not  hesitate  to  say  that  in  his 
opinion  the  Lancashire  boiler  properly  set  was  much  more  economical 
th  in  the  cylindrical  boiler,  either  for  gas  or  hand  firing. 

Mr.  Luptox  said  that  was  a  general  statement,  and  he  had  heard  it 
controverted  on  the  authority  of  men  who  had  made  very  elaborate  experi- 
ments. He  believed  it  was  a  fact  that  a  great  many  Lancashire  boilers 
did  not  evaporate  more  than  8  lbs.  of  water  per  pound  of  coal.  He 
should  fancy  a  great  many  did  not  evaporate  more  than  5  or  6  lbs. 

The  Chairman  said  it  did  not  appear  that  these  experiments  had 
been  performed  with  the  same  coal,  because  at  the  end  of  the  paper  .Mr. 
McLaren  said  :  "  In  all  future  researches  it  is  desirable  that  the  experi- 
ments be  made  with  coal  of  known  calorific  value/'  and  throughout  the 
paper  it  appeared  that  the  coal  in  these  experiments  was  not  the  same. 

Air.  Lupton  remarked  that  the  results  obtained  by  Mr.  McLaren 
with  this  engine,  of  1'35  lbs.  of  coal  burnt  per  horse-power,  was  a  result 
very  creditable  to  engineering  science.  The  statement  as  to  the  relative 
efficiency  of  the  various  classes  of  boilers,  however,  was  given  as  a  general 
authoritative  statement,  and  not  as  the  result  of  particular  trials. 


DISCUSSION  ON  MR.  ASHWOKTH  AND  PROFESSOR  CLOWE'S 

PAPER  ON  "THE  DETECTION  OF  FIRE-DAMP." 

Mr.  Lupton  said  he  thought  this  paper  was  very  similar  to  one  given 
by  Professor  Clowes — whose  name  appeared  as  joint  author  of  this  paper — 
at  the  British  Association  meeting  last  August  at  Cardiff.  He  might  say 
that  about  eight  years  ago  he  was  at  a  colliery  in  Saxony,  where  they  were 
using  the  Pieler  lamp — the  spirits-ol'-wine  indicator  lamp  they  might  call 
it — for  detecting  the  presence  of  fire-damp.  He  saw  in  the  mine  a  very 
long  cap,  much  longer  than  would  be  shown  by  an  ordinary  safety- 
lamp;  in  fact,  the  frequency  with  which  this  cap  indicated  fire-damp  was 
perhaps  more  creditable  to  the  lamp  than  to  the  ventilation  of  that 
particular  pit.  The  lamp  described  in  this  paper  seemed  in  some  resp  ote 
an  improvement.  A  lamp  which  would  detect  |  per  cent,  seemed  to  him 
to  give  the  mining  engineer  who  used  that  lamp  a  great  advantage  over 
his  predecessor,  because  no  doubt  many  return  air-courses  contained    I.1, 
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per  cent,  of  fire-damp — a  percentage  not  indicated  by  an  ordinary  safety- 
lamp.  But  a  lamp  which  would  indicate  that,  and  even  down  to  a  \  per 
cent.,  enabling  the  mining  engineer  to  gauge  the  amount  of  gas  in  his 
return  air-courses,  was  a  very  valuable  instrument  for  testing  generally 
the  efficiency  of  the  ventilation  of  a  mine.  This  lamp,  or  a  similar  one, 
should  be  in  the  hands  of  everyone  who  wished  to  examine  the  air-courses 
of  his  mine.  Certainly  it  was  much  less  troublesome  to  use  than  the  elec- 
trical indicator  of  Mr.  Liveing,  which  was  cumbersome  to  work,  and,  he 
thought,  generally  abandoned  after  a  few  attempts. 

The  Chairman  said  that  in  the  discussion  which  took  place  after 
reading  the  paper  Mr.  Walton  Brown  said,  with  the  Pieler  "  lamp  \ 
per  cent,  of  gas  gives  a  flame  2  inches  high,  and  it  was  much  more  clearly 
seen  than  on  some  of  Mr.  Ashworth's  lamps,"  so  that  they  had  a  dispute 
as  to  which  lamp  would  detect  gas  most  readily.  .  He  remembered  some 
years  ago  in  Wales  there  was  a  lamp  invented  the  pillars  of  which  were 
made  hollow,  and  no  air  could  enter  except  by  the  pillars.  It  could  be 
placed  close  to  the  roof  and  could  detect  any  quantity  of  gas,  small  or 
large,  which  might  be  found  in  the  cavity.  Perhaps  some  one  had  seen 
the  Gray  lamp  ? 

Mr.  T.  W.  H.  Mitchell  said  it  was  no  matter  how  good  the  lamp 
was  if  a  man  was  careless  ;  and  if  he  was  a  careful  man  he  would  find  an 
ordinary  lamp  sufficient. 

Mr.  Nash — But  these  are  only  for  testing  purposes. 

Mr.  Gerrard  said  they  wanted  to  know  the  smallest  quantity  present, 
which  could  not  be  detected  by  other  lamps. 

Mr.  T.  W.  H.  Mitchell — For  extra  precautions  ? 

Mr.  Nevin — Yes  ;  the  lamp  is  not  intended  as  a  light-giving  lamp. 

The  Chairman  thought  it  was  a  pity  the  author  of  the  paper  was 
not  present. 

Correspondence. 

Mr.  James  Ash  worth,  in  reply,  said  that  many  of  the  remarks  made 
by  Prof.  Lupton  and  the  Chairman  referred  to  the  Pieler  lamp,  and  he 
might  therefore  say  at  the  outset  that  his  object  in  designing  the  fire-dam}) 
detector  safety-lamp  was  to  provide  a  safer,  and  at  the  same  time,  as 
accurate  and  more  useful  means  of  detecting  either  large  or  small  per- 
centages of  fire-damp  than  the  Pieler  lamp.  It  might  not  be  generally 
known,  but  it  was  a  fact  that  the  Pieler  Davy  spirit  lamp  was  not  a  safe 
lamp  to  take  into  a  pit  on  account  of  its  large  cubical  contents.  The 
length  of  cap,  the   density  and  the  colour  produced  by  any  percentage 


11  DISCUSSION— THE    DETECTION   OF    FIRE-DAMP. 

of  fire-damp  under,  say  3  per  cent.,  depended  principally  on  the  heat 
of  the  testing  flame,  and  a  hydrogeD  gas  flame  produced  a  longer  and 
deeper  coloured  cap  than  the  Pieler  alcohol  flame.  His  lamp  having 
a  testing  flame  of  less  length,  and  therefore  of  less  heat  than  the 
alcohol  flame,  produced  a  cap  of  less  length,  and  gave  accurate  read- 
ings of  the  height  of  the  cap  up  to  at  least  5  per  cunt,  within  the 
short  length  of  the  short  conical  -,'lass.  The  Pieler  lamp  had  another 
serious  drawback  to  its  practical  application,  viz.,  the  absence  of  an 
illuminating  flame,  which  compelled  the  operator  to  carry  a  second  lamp 
to  enable  him  to  move  from  place  to  place,  and.  lastly,  he  mas!  not 
test  with  the  Pieler  lamp  until  he  had  ascertained  with  the  ordinary 
lamp  that  an  explosive  mixture  was  not  present.  The  first  lot  of  the 
Ashworth-(lray  lamps  constructed  as  described  in  the  paper  had  been 
found  to  require  attention  to  some  structural  details;  these  had  been 
attended  to,  and  he  could  recommend  the  lamp  with  every  confidence 
as  a  practical  detector  of  fire-damp,  and  as  an  all-round  useful  instru- 
ment, far  superior  to  the  Tieler  lamp  or  any  electrical  detector.  Where 
this  type  of  lamp  was  used  by  workmen  the  flame  was  either  less  buried 
in  the  cone  over  the  flame,  or  the  cone  was  entirely  dispensed  with.  In 
any  case  the  illuminating  flame  was  of  high  photometric  power.  The 
form  of  the  burner  had  been  altered  and  made  triangular  in  shape,  thus 
giving  advantages  such  as  were  obtained  by  the  combination  of  three 
separate  wick  flames,  and  lastly  the  tube  for  the  escape  of  gas  produced 
by  heat  within  the  reservoir  was  brought  up  in  the  centre  of  the  flame,  and 
there  consumed  without  waste  and  without  vitiating  the  accuracy  of  the 
testing  for  fire-damp.  The  original  lamp  of  the  type  described  by  Mr. 
Einbleton,  and  the  invention  of  Mr.  Thos.  Gray,  with  whose  concurrence 
he  took  up  the  lain})  and  the  task  of  improving  those  constructive  details, 
winch  made  it  a  more  complex  and  less  useful  lamp  than  it  was  to-day. 


Mr.  Longbotham  moved  a  vote  of  thanks  to  the  Chairman. 
Mr.  Nevin  seconded  the  motion. 

Mr.  GebraKD  said  he  should  also  like  to  congratulate  their  Chairman 
and  the  Institute  on  the  honourable  distinction  he  had  just  received,  and 

which  the  [nstitute  shared,  in  his  being  appointed  President  of  the 
Federated  Institution  for  a  second  term.  It  seemed  to  him  that  it  was 
quite  out  of  the  ordinary.  They  were  proud  that  the  distinction  had 
been  given  to  Mr.  Embleton,  and  through  him  to  the  .Midland  Institute. 
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The  Chairman  said  he  was  much  obliged  to  them.  He  could  only 
say  when  it  was  proposed  to  elect  him  a  second  time  he  absolutely 
refused,  but  after  the  discussion  that  took  place  he  was  persuaded  against 
his  own  mind.  Of  course,  he  thought  there  were  many  persons  who 
would  have  done  more  honour  to  the  Federated  Institution  if  they  had 
been  elected,  and  would  do  more  for  it  than  he  was  able  to  do.  However, 
it  had  so  happened,  and  he  had  put  on  the  harness  for  another  year.  It 
was  not  an  easy  matter  to  be  President  if  he  attended  to  what  was  to  be 
done.  He  was  glad  to  be  able  to  announce  that  the  North  Staffordshire 
Institute  was  going  to  join  the  Federated  Institution,  and  he  thought  the 
Manchester  Geological  Society  might  come  to  them  also,  and  if  they  came 
he  hoped  that  the  canny  Scotch  would  come  and  visit  them  in  the  South, 
too,  and  that  South  Wales  would  not  be  far  behind.  There  was  no  doubt. 
he  thought,  that  they  should  eventually  absorb  all  the  Mining  and  Metal- 
lurgical Institutes  of  the  United  Kino-dom  and  Colonies. 


TRANSACTIONS. 


MIDLAND    INSTITUTE   OF   MINING,   CIVIL,   AND 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Victoria  Hotel,  Sheffield.  Tuesday,  December  15th,  1891. 


Mr.  J.  GERRARO.  Vice-President,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected   Members  of  the  Institute, 
having  been  previously  nominated  :  — 

Mr.  A.  W.  Bennett,  Electrical  Engineer,  36,  Portland  Crescent,  Leeds. 

Mr.  Peter  Winstanley,  Colliery  Manager,  Shaw  Cross  Colliery,  Dewsbary. 

Mr.  FIknry  Thompson.  Mechanical  Engineer,  Railway  Foundry,  Barnsley. 


The  Chairman  said  he  had  pleasure  in  introducing  their  Secretary 
(Mr.  T.  W.  EL  Mitchell)  to  read  "A  Short  Description  of  the  Under-: 
ground  System  of  Haulage  at  Mitchell  Main  Colliery." 
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A  SHORT  DESCRIPTION  OF  THE  UNDERGROUND  SYSTEM 
OF  HAULAGE  AT  MITCHELL  MAIN  COLLIERY. 


Br  T.  W.  H.  MITCHELL. 


In  communicating  his  experience,  the  writer  does  not  wish  to  infer 
that  there  is  anything  novel  or  extraordinary  in  the  system  of  endless 
rope  haulage  described,  but  it  is  only  with  a  view  of  opening  this  very 
important  subject  of  underground  haulage,  and  of  provoking  discussion, 
and  of  obtaining  further  papers  from  the  members  of  this  Institute  upon 
the  various  methods  in  use  at  the  different  collieries  of  conveying  the 
coal  from  the  face  to  the  pit  bottom. 

The  subject  of  underground  haulage  embraces  so  large  an  area,  that 
it  would  be  vain  on  the  part  of  the  writer  to  attempt  to  deal  with  it  in 
an  adequate  manner  in  one  paper,  and  it  is  only  by  having  the  experience 
of  members  described  in  papers,  and  by  discussions  thereon,  that  the 
subject  can  be  said  to  have  been  thoroughly  dealt  with.  Without  going 
into  particulars,  the  writer  would  call  the  attention  of  members  to  the 
great  improvements  that  have  taken  place  in  the  method  of  conveying  the 
coal  from  the  face,  as  shown  by  the  replacing  of  old-fashioned  baskets, 
wheelbarrows,  sledges  running  on  the  floor  of  the  mine  and  on  boards 
specially  laid,  and  corves  with  plate  wheels  and  cast-iron  angle  rails  for 
corves  with  wheels  fitted  to  a  nicety,  and  bridge  rails.  That  these 
matters  are  receiving  the  more  careful  attention  of  engineers  is  only  right, 
because  there  is  nothing  more  likely  to  throw  back  the  output  of  a 
colliery,  next  to  bad  roads,  than  badly  geared  corves,  for  if  they  are  not 
well  geared  the  collier  loses  time  in  taking  corves  backwards  and  for- 
wards, the  drivers  are  delayed  by  continually  putting  corves  on  the  road, 
and  then  the  climax  comes  in  the  engine  plane,  for  there,  when  a  link 
breaks  or  a  corf  gets  off  the  road,  whether  the  train  is  going  at  a  high 
speed  for  main  and  tail-rope,  or  slow  speed  for  endless-rope  haulage,  the 
whole  plane  is  stopped. 

When  deciding  upon  the  method  to  be  employed  for  haulage  on  the 
level,  or  below  the  level  of  the  pit  bottom,  the  mining  engineer  is  con- 
fronted with  five  motive  powers,  each  with  their  supporters — (1)  Engines 
and  boilers  down  the  pit ;  (2)  engines  down  the  pit  and  boilers  on  the 
surface;  (3)  engines  ;ind  boilers  on  the  surface  with  ropes  taken  down 
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the  pit  -shaft  and  along  the  roads;  i  I)  engines  and  boilers  od  the  Burface 
compressing  air,  which  is  conveyed  along  the  workings  in  pipes;  and  (5) 
electricity. 

Each  one  of  these  methods  would  form  a  subject  for  a  paper,  and 
members  would  no  doubt  be  able  to  give  their  personal  experience  in  the 
same  manner  as  the  writer  will  endeavour  to  do  as  regards  the  third 
method. 

Dealing  with  each  method  as  shortly  as  possible,  the  writer  would 
BUggest  thai  in  the  firs!  method,  however  convenient  and  expedient  it 
may  he  to  have  the  engines  and  boilers  as  near  their  work  as  possible, 
these  advantages  are  greatly  overruled  by  the  expense  and  trouble 
attached  to  placing  the  boilers  in  such  a  position  thai  there  shall  be  uo 
danger  from  the  products  of  combustion.  If  the  dangers  of  explosion 
and  tires,  etc.,  are  obviated,  as  in  the  second  method,  by  having  the 
boilers  on  the  surface,  and  conveying  the  steam  down  the  shaft,  the 
mining  engineer  is  still  met  with  possible  injury  to  the  shaft,  guides,  and 

ropes  by  the  exhaust  steam,  with  the  difficulty  of  the  condensation  of 
steam  which  takes  place  (however  much  he  may  cover  the  pipes),  and 
causes  great  loss  in  power  through  reduction  of  pressure.  In  addition 
there  is  the  disadvantage,  owing  to  the  position  in  which  the  engines 
have  to  be  placed  to  do  their  work  efficiently,  of  the  intake  air  being 
heated,  and  the  ventilation  impeded. 

In  the  third  method,  the  writer  would  suggest  that  the  mining  engin- 
eer has  the  most  efficient  and  convenient  method  of  transmitting  power 
below  ground,  whether  the  underground  system  is  endless-chain  or  rope, 
or  main  and  tail-rope,  owing  to  the  fact  that  all  the  working  parts  of  the 
engine  can  be  easily  seen,  and  kept  clean,  and  there  are  none  of  the 
objections  raised  about  the  previous  method  as  to  explosions  and  inter- 
ference with  ventilation. 

The  fourth  method  has  found  many  supporters,  owing  to  their  being 
able  to  convey  the  compressed  air  in  pipes  to  any  part  of  the  mine  and 
use  it  with  separate  engines  at  as  many  stations  as  desired  to  provide 
power,  with  no  likelihood  of  danger  to  the  safety  of  the  mine;  but  the 
great  cost  of  the  plant  and  the  very  low  percentage  of  useful  effect — 
stated  by  some  authorities  to  be  only  from  25  to  .'!•">  per  cent. — prevent 
others  from  using  wliat  would  be  otherwise  a  most  useful  auxiliary  in  the 
mine.    Then,  when,  owing  to  the  thicker  seams  being  worked  out,  a 

number  of  thinner  seams  have  to  be  worked  at  the  same  time,  the  writer 
suggests  that  owing  to  subsidence,  etc.,  the  joints  of  the  pipes  will  only 
with  difficulty  be  kept  tight. 
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Papers  have  been  read  before  this  Institute  on  the  fifth  method  of 
supplying  power,  viz.,  electricity,  more  in  reference  to  pumping  and  coal- 
cutting  machines  than  to  haulage,  and  no  method  has  yet  been  pro- 
pounded by  any  member  for  utilizing  this  power  by  concentrating  all  the 
coal  from  various  districts  of  the  mine  upon  one  or  two  main  roads,  in 
the  same  manner  as  it  is  now  clone  by  compressed  air  engines  or  rope 
gearing  fixed  at  the  end  of  level  or  branch  planes. 

The  locomotive  described  in  Mr.  Walker's  and  Mr.  Snell's  papers  went 
a  long  way  towards  achieving  this,  but  the  difficulty  of  carrying  sufficient 
store  of  electricity  and  the  weight  of  the  engines  themselves  seemed  to  be 
against  their  general  adoption. 

It  appears  to  the  writer  that  there  could  hardly  be  a  more  simple  and 
convenient  method  of  transmitting  power  than  by  means  of  an  electric 
cable  to  each  branch  district  and  working  by  means  of  separate  motors 
the  systems  of  endless  rope,  which  would  enable  the  output  to  be  con- 
centrated into  a  few  main  channels. 

With  apologies  for  so  long  a  digression  from  the  text  of  his  paper,  the 
writer  will  now  describe  the  system  of  endless-rope  haulage  lately  inaugu- 
rated at  Mitchell  Main  Colliery.  The  Barnsley  bed  of  coal  is  worked  at  a 
depth  of  307  yards  below  the  surface,  by  the  longwall  system  of  working. 
Under  the  old  arrangement  there  was  an  ordinary  single-rope  system 
worked  from  the  surface  by  two  24 -inches  cylinder  engines,  4-feet  stroke, 
geared  2  to  1,  with  two  drums  about  9-feet  diameter,  the  empties  taking 
back  the  rope,  a  system  which  acted  very  well  until  the  continuous 
working  of  this  engine  plane  became  more  important,  and  stoppages 
thereon  considerably  impeded  the  working  of  the  colliery.  It  was  the 
custom  to  run  from  the  pit  bottom  to  one  of  the  landings  and  back  to  the 
pit  bottom  with  a  train  of  thirty  full  corves  (thirty  empty  corves  on  the 
return  journey)  in  1^  minutes,  being  at  the  rate  of  20  miles  per  hour  up 
a  gradient  varying  from  1  in  9  to  1  in  12.  Then  in  another  direction, 
owing  to  the  level  of  the  mine,  the  empty  corves  would  not  take  the  rope 
back,  and  another  rope  had  to  be  attached  to  the  front  to  pull  them  to 
the  required  station  ;  the  coupling  and  uncoupling  of  this  last  rope  took 
up  some  very  valuable  time,  reducing  the  rate  per  hour  to  11  miles,  and 
necessitated  additional  attendants.  As  the  workings  extended,  the  time 
to  reach  the  required  stations  also  became  extended ;  and  what  with 
steeper  gradients  caused  by  the  traversing  of  faults,  etc.,  the  engines  could 
not  keep  pace  with  the  requirements,  and  consumed  such  an  amount  of 
steam  as  to  necessitate  extra  firemen,  and  to  cause  a  general  scarcity  of 
steam.   At  one  time  it  was  contemplated  running,  with  a  separate  engine, 
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a  rope  from  the  No.  2  landing  to  the  end  of  the  plane,  and  baking  the 
coal  from  there  to  the  pit  bottom  with  the  original  rope,  but  this,  after 
consideration,  was  abandoned  for  the  endless  rope  system.  The  gearing 
of  the  engine  was  therefore  altered  to  about  I  to  1,  and  a  9-feet  6-inches 
taper  pulley  (see  Figs.  7  and  8,  Plate  XII.)  put  in  place  of  one  of  the 
old  drums,  the  other  drum  being  left  for  the  purpose  of  pulling  the  rope 
hack  to  the  engine  it  it  should  at  any  time  he  broken,  the  drums  being 
both  fitted  with  clutch  gearing.  The  rope  put  on  was  the  same  size  as 
the  winding  ropes,  viz.,  1  ^-inches  diameter,  7|  lbs.  to  the  yard,  several  old 
winding  ropes  being  used  in  this  first  instance.  The  rope  is  wrapped 
three-and-a-half  times  round  the  taper  drum,  that  is.  at  the  back  there 
are  four  rings  shown  on  the  drum.  The  position  of  the  rope,  pulleys, 
etc.,  is  shown  in  Figs.  1  and  2,  Plate  XI.  The  arrangements  at  the  pit 
bottom  are  shown  in  Fig.  3,  and  a  section  of  the  engine-plane  is  given  in 
Fig.  4. 

The  engine  runs  from  19  to  20  revolutions  per  minute  and  the  rope 
travels  about  50  yards  per  minute,  or  about  1|  to  If  miles  per  hour; 
the  rope  runs  on  the  top  of  the  corves,  which  are  attached  thereto 
by  means  of  chains.  12-feet  long,  ^-inch  thick,  one  end  hooked  by 
large  rings  to  the  drawbar  hook,  while  the  other  end,  having  a  hook,  is 
wrapped  twice  round  the  rope  and  the  hook  then  brought  across  the  chain 
wheu  extended ;  the  full  corves  are  run  in  twos  with  one  chain  only,  but 
the  empties  have  a  chain  both  back  and  front.  Pulleys  of  the  class  shown 
in  Figs.  9,  10,  and  11  are  used  at  every  junction  to  raise  the  rope  to  allow 
of  the  corves  being  attached  at  the  junction.  Jack-catches,  as  shown  in 
Figs.  12  and  13,  are  fixed  about  every  12  yards  on  level  and  f>  yards  on 
steep,  and  a  tommy-off-the-road  (Figs.  L4  and  15)  is  fixed  at  about  the 
like  distance;  while  between  the  full  road  and  the  empty  road  a  dividing 
rail  is  erected,  made  up  of  second-hand  double-headed  rails  fixed  on 
standards;  the  putting  in  of  so  many  jack-catches  and  tommy-off-the- 
roads,  and  this  dividing  rail,  though  expensive,  has  proved  very  expedient 
up  to  now,  because  however  well  you  look  after  the  plane  some  lumps  of 
coal  very  easily  throw  a  corf  off  the  road,  and  if  there  is  nothing  to  pre- 
vent it,  it  will  run  into  the  empties,  whereas  the  dividing  rail  prevents 
this  and  guides  the  corf  into  the  tommy-off-the-road,  which  enables  it 
again  to  get  into  the  proper  track.  The  pulleys  used  at  C  are  shown  in 
Figs.  1(1  and  17,  and  the  pulleys  used  at  the  pit  top  and  bottom  are 
shown  in  Figs.  18  and  19. 

At  the  end  of  the  plane,  for  the  purpose  of  keeping  the  rope  Light, 
a  large  drug  (Figs.  5  and  6),  was  erected,  on  which  was  \\\r>\  a  pulley 
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for  the  rope.  This  drug  was  attached  to  a  large  balk,  2  feet  square,  let 
into  brickwork,  by  a  3-inch  screw  and  four  lashing  chains  made  of  old 
wagon  lf-inch  diameter  drawbar  links,  while  for  extra  protection  two 
1^-inch  screws  with  chains  are  being  put  in  to  have  a  slight  hold  of  the 
drug  by  chains ;  in  case  of  emergency,  or  when  one  of  the  links  has 
to  be  taken  out,  it  will  take  the  bearing  of  the  rope ;  in  addition  to 
these  safety-chains,  clips  are  fastened  on  to  the  rails  for  further  security, 
and  to  prevent  the  drug  falling  over.  Communication  is  made  at  a  station 
at  the  pit  bottom  with  the  engineman  and  man  in  charge  of  each  branch 
by  electric  bells,  the  wires  of  which  are  not  covered  so  that  the  engine 
can  be  stopped  by  signal  from  any  point  in  the  plane. 

The  mean  number  of  corves  on  the  plane  at  one  time  has  been  165 
empty  and  150  full  ones,  being  at  the  rate  of  two  about  every  20  yards 
on  the  full  side ;  average  weight  of  corf,  4  cwts.,  and  of  coal,  9|  cwts. 
The  weight  on  the  drug  can  be  roughly  estimated  at  7  tons. 

As  regards  the  benefit  derived  from  the  alterations,  time  has  been  too 
short  to  obtain  any  elaborate  details,  and  there  are  so  many  items  to  be 
looked  into  in  perfecting  the  system  that  a  comparison  is  hardly  fair. 
Still,  taking  the  average  hours  and  the  work  done  in  a  week  in  November, 
1890,  and  comparing  them  with  a  week  in  November  this  year,  there  is 
13  per  cent,  gained  this  year  in  scores  drawn  up  the  plane  per  day. 

With  regard  to  the  number  of  men  employed  in  the  management  of 
the  system,  a  comparison  would  not  at  present  be  reliable,  for  although 
labour  is  being  minimized  as  much  as  possible,  the  cost  is  still  higher 
than  on  the  old  system. 

New  System. 

2  Boys  at  each  station  ...         ...         ...         ...         ...         11 

3  Boys  at  bank  head   ...         ...         ...         ...  3 

1  Signal  boy     ...         ...         ...         ...         ...  1 

2  Datallers  travelling  the  road         ...         ...         ...         ...  2 
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Old  System. 

1  Boy  at  each  station  ...  ...  ...  ...  ...  7 

2  Boys  at  bank  head   ...  ...  ...  ...  ...  2 

1  Signal  boy      ...         ...  ...  ...  ...  ...  ...  1 

1  Dataller  or  road  man  ...  ...  ...  ...  ...  2 

ljj 

In  concluding  this  paper  the  writer  wishes  to  thank  the  members  for 
their  forbearance,  and  trusts  that  the  subject  will  be  taken  up  and  papers 
written  by  others  better  qualified  and  able  to  do  more  justice  to  the  subject. 
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Mr.  MITCHELL,  replying  to  the  Chairman,  said  their  average  dip 
was  1  in  13,  and  they  had  rive  different  landings,  hut  they  were  all  on 
one  side  of  the  engine  plane  but  one;  and  they  had  certain  arrangements 
for  taking  empty  ones  off  at  the  first  landing  every  fourth  or  fifth  load, 
so  that  they  did  not  rob  the  bottom  ones,  but  it  did  not  act  very  well. 

Mr.  Nevin — Are  the  stations  on  the  full  or  the  empty  roadside  ? 

Mr.  Mitchell — The  empty  side. 

Mr.  Hargreaves  asked  if  the  empties  were  taken  off  on  the  empty 
roadside  ? 

Mr.  Mitchell — Yes. 

Mr.  Hargreaves — Would  it  not  be  better  to  travel  in  trains  of 
more  than  one  or  two  ? 

Mr.  Mitchell  said  four  were  tried  at  the  commencement,  but  it 
was  not  satisfactory.  They  did  not  get  the  proper  number  of  empties 
back  again. 

Mr.  Hargreaves  said  he  found  from  four  to  ten  the  best. 

Mr.  Rhodes — That  depended  in  a  great  measure  on  the  inclination  ? 

Mr.  Hargreaves — Yes ;  four  for  the  steep  and  ten  for  the  level. 

Mr.  Marshall  supposed  they  had  kept  up  the  old  output  with  the 
new  arrangements  ? 

Mr.  Mitchell  said  they  could  do  more  if  they  could  draw  them  at 
the  shaft.  It  was  not  working  more  than  two-thirds  of  its  time,  count- 
ing the  stoppages  made  at  the  pit  bottom. 

Mr.  Marshall  said  he  saw  they  had  increased  five  in  staff.  He 
supposed  the  idea  was  that  they  would  be  able  to  get  so  much  more  than 
they  did  with  the  old  staff. 

Mr.  Mitchell  said  they  would  try  to  knock  off  some  of  those,  but 
he  doubted  if  they  could. 

Mr.  RHODES  said  there  was  no  doubt  that  with  an  endless-rope  the 
reduction  of  stations  to  the  least  possible  quantity  was  an  important  item, 
because  they  could  not  do  with  less  than  two  men  at  a  station.  In  laying 
out  endless-rope  haulage  the  reduction  of  stations  to  secure  economy 
was  a  sine  qua  non.  He  thought  their  comparison  of  twelve  persons 
against  seventeen  persons  was  hardly  fair  to  the  endless  system  as  against 
the  other,  unless  they  gave  them  some  idea  of  the  work  t  bis  rope  could  do, 
when  at  its  full  capacity  as  compared  with  the  others.  If  the  rope'  could 
do  one-third  more  than  ii  was  now  doing  that  would  reduce  the  Btaff 
expenditure  pro  rata  and  increase  the  proportion  of  useful  effect  got  out 
of  the  new  system.  He  had  go!  in  the  same  seam  at  the  same  colliery 
both  sorts  of  haulage,  and  from  the  experience  of  the  last  sixteen   or 
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seventeen  years,  except  in  extreme  cases  where  the  seam,  dipped  heavily, 
there  was  no  comparison  between  the  useful  effect  and  wear  and  tear 
of  the  rope  between  one  and  the  other.  So  far  as  ropes  alone  were 
concerned  there  was  a  saving  of  300  per  cent,  by  the  endless  system. 
Where  they  got  such  a  steep  gradient  as  at  Thrybergh  Hall  then  the 
strain  on  the  endless  rope,  if  of  any  length,  was  so  great  that  no  rope 
could  be  got  to  stand  it. 

Mr.  Hargreaves  said  they  obtained  the  best  results  at  about  2  miles 
an  hour. 

Mr.  Rhodes  agreed  with  the  statement ;  in  his  experience  the  best 
effect  was  obtained  by  increasing  the  number  of  corves  on  the  rope  rather 
than  by  increasing  the  speed  of  the  rope. 

Mr.  Hargreaves  said  they  had  found  the  same  thing. 

Mr.  Rhodes  said  with  all  due  respect  to  Mr.  Mitchell's  arrangements 
for  endless-rope  haulage,  an  engine  at  high  speed  and  geared  down  gave 
better  results  than  a  big  engine  working  at  20  strokes.  If  that  engine 
could  be  run  much  faster  and  geared  down  they  would  get  a  much  greater 
useful  effect. 

Mr.  Mitchell  said  they  had  no  complaints  as  to  steam  now.  They 
could  keep  all  the  works  going  without  any  complaints  of  shortness  of 
steam,  which  they  could  not  do  before. 

Mr.  Nevin — Have  you  expansion  valves  on  the  engine  ? 

Mr.  Mitchell — No  ;  but  there  is  link  motion. 

Mr.  Rhodes  said  his  idea  was  that  the  road  was  an  undulating  road, 
and  they  would  have  a  variable  amount  of  work  for  the  engines  to  do,  and 
they  would  have  the  engines  running  much  faster,  with  no  cut-off  arrange- 
ment for  steam  or  expansion  valve,  at  one  part  of  the  road  than  another. 
Where  they  hid  them  geared  to  run  at  10  or  12  to  1  they  had  a  much 
better  chance  of  securing  an  equable  speed  in  the  engine  plane. 

Mr.  Mitchell  said  they  were  governed,  and  there  was  very  little 
alteration  in  the  speed  of  the  engine  in  practice.  They  had  a  man 
always  there,  but  it  was  simply  in  case  of  accident  to  be  able  to  stop  the 
engine. 

Mr.  Rhodes  said  if  the  engines  were  started  with  a  heavy  load  on, 
there  would  be  a  jerk,  but  if  they  were  working  at  40  strokes  a  minute 
and  geared  down  the  start  would  be  gradual. 

Mr.  Nevin — What  is  the  length  of  plane,  and  what  is  the  length  of 
rope  and  the  tonnage  you  are  drawing  ? 

Mr.  Mitchell— The  mean  gradient  is  1  in  13,  and  the  plane  is  1,700 
or  1,800  yards  long. 
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Mr.  Rhodes  I  ta  a  similar  system  to  that  hauling  corves  from  2,000 
to  3,500  yards,  1,000  tons  a  day  were  drawD  in  ten  hours  on  our  road, 
but  it  was  nearly  a  level  road. 

Mr.  Mitchell — We  are  drawing  about  ofiO  tons  a  clay  now. 

Mr.  Nevin — What  will  the  corves  average? 

Mr.  MITCHELL— Four  cwt.  the  corves  themselves,  with  an  average 
weigh!  of  9|  cwt.  of  coal. 

Mr.  Nevin  —Then  you  are  drawing  L,000  corves  a  day  on  that  plane? 

Mr.  Mitchell — 77  score  is  the  average  per  day. 

Mr.  IIai;<;i;kavks  agreed  with  Mr.  Rhodes  that  in  endless-rope  haul- 
age the  fewer  stations  they  had  the  better. 

The  Chairman  said  this  was  an  important  subject  owing  to  the 
increasing  depth  of  shafts,  royalties  increasing  in  area,  and  that  the 
quantities  are  required  to  be  drawn  in  a  less  number  of  hours.  To  him 
(the  Chairman)  it  was  interesting  to  find  that  at  one  colliery  they  are 
taking  out  the  main  and  tail-rope  system  running  at  high  speed  and 
putting  in  the  endless-rope,  and  at  another  they  are  taking  out  the  end- 
less-rope and  putting  in  the  main  and  tail-rope.  lie  thought  Mr. 
Mitchell  had  oiven  them  all  the  chief  facts  associated  with  the  conditions 
existing  at  Mitchell  Main,  and  the  reasons  which  had,  to  their  mind,  led 
to  this  change  being  made.  The  advantage  of  that  was  great,  as  other 
members  would  be  able  to  say  how  far  those  conditions  conformed  to 
their  own,  and  could  compare  opinions  so  that  at  a  subsequent  meeting 
they  might  have  an  interesting  discussion.  This  could  only  be  brought 
about  by  members  coming  prepared  with  facts  relating  to  the  system 
in  operation  at  their  own  collieries,  so  that  they  could  give  them  in 
some  connected  form,  which  was  absolutely  necessary  if  they  meant  to 
get  a  set  discussion.  Their  discussions  would  be  of  infinitely  greater 
value  if  members  would  come  prepared  to  take  them  up  systematically 
and  discuss  them  on  proper  lines.  He  hoped,  as  Mr.  Mitchell,  in 
addition  to  his  arduous  labours  as  Secretary,  had  so  boldly  stepped 
forward  in  the  breach,  others  would  follow  up  the  work.  If  it  occurred 
to  any  members  that  additional  facts  might  be  given,  he  hoped  they 
would  ask  for  them,  so  that  Mr.  Mitchell  might  embody  them  in  his 
paper.  Haulage  had  never  been  taken  up  by  this  Institute,  and  it 
was  a  long  time  since  the  Haulage  Committee  of  the  North  of  England 
Institute  published  their  report. 

Mr.  Nevin — The  North  of  England  enquiry  was  into  the  beat 
systems  of  haulage.  What  we  could  do  would  lie  to  show  what  have 
been  found  most  usefid  since  then. 
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Mr.  Rhodes  said  ho  went  to  see  the  electrical  haulage  arrangements 
at  Pleasley  Colliery.  There  was  no  doubt  that  the  haulage  worked  well. 
The  motors  were  at  the  bottom,  and  the  dynamo  at  the  top  of  the  shaft, 
and  the  arrangements  generally  were  good;  but  there  was  a  flash  every 
time  the  connexion  was  turned  on  or  off.  He  could  not  understand  how 
mining  engineers  and  colliery  owners  could  reconcile  themselves  to  having 
such  a  system  so  long  as  this  danger  exists,  when  they  were  working  their 
collieries  at  an  extra  cost  of  Cxi.  per  ton  in  doing  away  with  powder,  and 
in  using  the  safety-lamp.  The  two  things  were  inconsistent.  As  for 
putting  electrical  motors  close  to  the  pit  bottom,  he  could  not  see  that 
there  was  any  advantage.  He  could  see  an  enormous  advantage  in  using 
them  in-bye  if  they  could  use  them  safely,  but  the  flashes  of  light  given 
off  were  sufficient  to  condemn  them,  and  to  prevent  their  being  used 
where  safety-lamps  were  used. 

Mr.  Haiigrkaves— Few  managers  at  the  present  time  would  put 
boilers  near  the  pit  bottom. 

Mr.  Rhodes — Even  in  such  a  small  matter  as  electric  lighting,  with 
the  electric  cable  passing  down  the  shaft  for  lighting  the  shaft  bottom, 
if  the  wires  got  broken  by  a  fall  of  stone,  the  light  might  set  the  whole 
place  on  fire.  If  they  had  80  horse-power  travelling  on  cables,  fancy  the 
effect  produced  by  such  an  occurrence. 

Mr.  Hargreaves  had  experienced  a  similar  occurrence  about  two 
years  ago. 

Mr.  Hedley  remarked  that  electrical  engineers  said  they  had  got 
over  the  sparking.  He  had  not  seen  it  tried,  but  had  seen  the  arrange- 
ment :  it  was  a  small  lead  wire,  and  immediately  the  wire  was  cut  it 
fused  the  lead  and  severed  the  connexion  between  the  dynamo  and  the 
motor. 

Mr.  Rhodes — Apart  from  the  fire  due  to  the  wires  being  cut,  there 
was  a  flash  when  the  current  was  turned  off  or  on,  and  there  was  sparking 
when  it  was  running.  It  was  impossible  to  cover  it,  although  they  talked 
of  covering  it  with  a  wire  gauze. 

Mr.  Hedley — They  have  a  cast-iron  covering. 

Mr.  Rhodes — Yes,  but  they  also  have  an  aperture  to  keep  it  cool, 
and  where  the  air  can  pass  through  gas  can  pass  through. 

Mr.  Hedley — They  have  had  the  new  system  running  in  gas  8  hours, 
and  found  on  analysing  the  air  inside  the  cover  that  it  only  contained  a 
]  per  cent,  of  gas. 

Mr.  Rhodes— Whatever  was  in  the  air  outside  must  be  the  air  inside 
the  casing  of  the  motor. 
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Mr.  Bedley — They  stated  that  they  hermetically  Bealed  the  motor. 

Mr.  Rhodes — Their  Btatemenl  is  thai  they  must  liave  air  to  keep  it 
cool,  and  if  the  air  can  get  in  the  gas  can  gel  in. 

Mr.  Bedley —  They  said  that  they  have  practically  overcome  sparking. 

Mr.  Rhodes — That  was  a  Bplendid  Btep  in  the  right  direction.  Only 
three  weeks  or  a  month  ago  this  <mestion  of  sparking  was  raised  by  Mr. 
Snell,  engineer  for  the  Electric  Power  and  Traction  Company,  and  he 
did  not  say  that  it  had  been  overcome. 

Mr.  Hedley — Messrs.  Selby  Bigge  &  Co.,  of  Newcastle-upon-Tyne, 
gave  him  the  particulars  of  the  safety  motors.  He  told  them  if  they 
showed  him  that  they  could  stop  sparking  he  was  willing  to  put  a  plant 
down,  and  unless  they  could  give  him  that  guarantee  it  would  not  be 
put  down. 

The  Chairman — An  electrical  motor  ought  to  be  tested  in  the  same 
manner  as  a  safety-lamp. 

Mr.  Nevin  moved  that  the  thanks  of  the  Institute  be  given  to  Mr. 
Mitchell,  and  that  the  paper  be  printed. 

Mr.  Jeffcock  seconded  the  motion,  which  was  carried. 

Mr.  MITCHELL  said  he  was  obliged  to  them.  If  he  could  do  any- 
thing to  keep  the  Institute  going  he  would  be  glad  to  do  it.  He  should 
like  other  members  to  give  them  papers.  There  were  others  who  had 
much  wider  experience  than  he  had,  and  if  each  member  would  com- 
municate his  own  experience  he  thought  they  could  have  a  very  good 
fi'siime  of  haulage  questions  just  as  they  had  of  lamps. 
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Mr.  Jeffcock  said  that  a  paper  on  the  Coal  Mines  Regulation  Act 
would  be  very  useful,  as  there  were  many  points  upon  which  there  was 
doubt  as  to  the  meaning  and  intention  of  the  Act. 

Mr.  Rhodes — The  great  object  of  the  Act  was  to  consider  everyone 
connected  with  a  colliery— owner,  agent,  or  manager,  or  anyone  elst  — 
guilty  of  an  offence  until  he  had  proved  himself  innocent.  It  was  an 
anomaly  that  it  should  lie  applied  to  those  connected  with  collieries. 

Mr.  JEFFCOCK    wished    that    some    One    would    take    the    subject    up,  as 

he  felt  sure  that  some  good  would  come  from  such  a  paper  and  its  accom- 
panying discussion. 
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MIDLAND    INSTITUTE    OF    MINING,    CIVIL,    AND 
MECHANICAL   ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Institute  Room,  Barnsley,  March  16th,  1892. 


Mr.  JOS.    MITCHELL,  President,  in  the  Chair. 


The  minutes  of  the  last  general  meeting  were  read  and  confirmed. 


The  following  gentlemen    were   elected   Members   of  the    Institute, 
having  been  previously  nominated  : — 

Members — 

Mr.  John  Mitchell,  Mining  Engineer,  Swaithe  Hall,  near  Barnsley. 
Mr.  Joseph  Dearden,  Colliery  Owner.  Victoria  Colliery,  Heckmondwike. 
Mr.  James  Ford.  Colliery  Manager,  48,  Sackville  Street.  Barnsley. 
Mr.  Wm.  John  Waterman,  Mining  Engineer,  Manchester  Road.  Sheffield. 
Mi.   Wm.   Wyatt    Millington,    Mining   Engineer,    Herdsman's    House, 
Hollingwood.  Lancashire. 


The  President  said  the  Council  had  thought  it  desirable  that  some 
recognition  of  Mr.  Gerrard's  services  in  connexion  with  the  Midland 
Institute  should  be  taken  into  consideration.  A  special  meeting  of  the 
Council  had  been  held,  and  it  had  been  decided  to  present  Mr.  Gerrard 
with  his  portrait,  to  be  subscribed  for  by  members  of  the  Institute. 
Mr.  Gerrard  had  been  communicated  with,  and  had  consented  to  sit,  and 
the  Council  had  approved  the  selection  of  Mr.  Samuel  Carter,  a  well- 
known  artist,  to  paint  the  portrait. 


The  Secretary  (Mr.  T.  W.  II.  Mitchell)  read  the  following  "  Notes 
on  various  Types  of  Coke-ovens": — 
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NOTES  ON  VARIOUS  TYPES  <>K  COKE-OVENS. 


By  T.  \V.  H.    MITCH  ELL. 


With  the  view  of  opening  for  discussion  another  very  important  subject 
in  connexion  with  mining,  which  had  not  lately  been  dealt  with  by  this 
Institute,  though  in  some  of  the  other  districts  there  had  been  some  very 
interesting  papers  on  it,  the  author  has  obtained  plans  of  four  different 
forms  of  coke-ovens,  and  lias  ventured  to  lay  before  the  members  of  this 
Institute  certain  views  in  respect  to  the  advantages  and  disadvantages  of 
each  one,  also  giving  as  many  facts  as  he  was  able  to  obtain  with  regard  to 
them. 

Coke-making  has  been  on  record  in  one  form  or  another  since  1686,  but 
it  is  only  towards  the  beginning  of  the  eighteenth  century  that  coke-ovens 
are  found  to  have  been  used.  There  have  been  a  great  many  patents  taken 
out  ,both  as  to  form  of  ovens,  form  of  flues,  method  of  admitting  the  air,  and 
utilizing  the  bye-products.  Main  members  will  do  doubt  be  able  to 
describe  their  own  inventions  in  this  respect,  because  there  are  very  few  who 
having  control  of  coke-ovens  have  not  some  method  peculiar  to  themselves, 
wh  reby  they  get  greater  quantity  or  better  quality  of  coke  out  of  an  oven. 
The  author  has,  however,  seen  it  stated  that,  when  once  the  actual  percent- 
age of  coke  to  be  got  out  of  certain  coal  has  been  practically  ascertained, 
:in\  endeavour  to  improve  the  quantity  deteriorates  the  quality.  This 
might  apply  to  the  various  methods  of  heating  the  air  before  it  reaches  the 
coke,  because  in  many  of  them  the  inlet  is  of  less  size  than  that  obtained 
in  the  ordinary  way  by  leaving  out  a  brick  or  two  at  the  top  of  the  door. 
Nov..  ih,  coal  must  have  a  certain  amount  of  oxygen  to  make  it  coke,  and 
though  ii  gets  the  right  quantity  through  the  bricks  left  out  at  the  top  of 
tin  door,  it  cannot  do  so  through  a  similar  sized  opening  used  in  connexion 
wi!h  ::  ,  he  air,  because  the  air  is  expanded,  and  the  same 

quantity  cannot  pass  Moreover,  as  in  connexion  with  the  patent  methods 
where  Hues  and  chimneys  are  used,  a  large  proportion  of  combustible  matter 
which  should  have  remained  behind  to  generate  heat  to  thoroughly  coke 
the  coal,  is  thrown  off  unconsunied,  and  the  coke  remaining  is  only  partially 
coked,  and  is  softer  than  it  should  be.  It  is  true,  however,  that,  by  this 
means,  i.e.  at  the  expense  of  the  quality  of  the  coke,  a  greater  beat  is 
obtained  for  firing  any  boilers  that  may  be  attacked  to  the  range  of  ovens. 
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The  ovens  particularized  have  been  dealt  with  in  a  very  exhaustive 
manner  by  Mr.  A.  L.  Steavenson  in  vol.  ix.  of  the  Transactions  of  the 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  and 
any  description  of  them  would  only  entail  a  duplicate  record  in  the 
Transactions. 

The  Coppee  Coke-Oven. 

The  principal  dimensions  of  these  ovens  (Figs.  1,  2  and  3,  Plate  XXX.) 
are  30-feet  U-inches  long,  1-foot  9-inches  wide  at  the  front  end  and  1-foot 
6-inches  wide  at  the  back  end,  and  3-feet  9-inches  high.  There  are 
twenty-five  vertical  fines  (a)  in  the  side-walls,  about  7-inches  square.  The 
coal  is  put  into  the  ovens  through  four  openings  (r)  at  the  top  and  raked 
level  before  the  two  doors,  one  at  each  end,  are  closed.  The  heated  gases 
follow  the  direction  shown  by  the  arrows.  An  engine  with  a  pusher  or 
ram  works  along  the  front  of  the  ovens,  and  is  used  to  push  the  coke  out 
at  the  larger  end  of  the  oven.  The  removal  of  the  coke  by  the  ram 
results  in  great  friction  on  the  walls  or  sides  and  destroys  them  rapidly, 
causing  frequent  repairs. 

Advantatjex.—l.  The  heat  generated  by  these  ovens  is  so  intense  that 
it  will  make  a  comparatively  good  coke  from  inferior  smudge. 

2.  The  yield  of  coke  per  oven  per  week  in  a  properly  constructed  oven 
will  equal  an  average  of  from  10  to  12  tons  for,  say,  three  to  four  years, 
after  which,  unless  extensive  repairs  are  made,  the  yield  will  not  exceed,  say, 
8  tons  of  coke  per  oven.  At  the  colliery  to  which  the  plan  refers  the  yield 
of  coke  per  oven  during  the  last  five  months,  in  ovens  which  have  been 
going  five  years,  has  barely  exceeded  7  tons. 

3.  The  labour  cost  of  making  coke  is  theoretically  lower  than  in  other 
ovens  by  reason  of  the  system  of  pushing  out  the  coke,  which  is  part  of 
the  system  of  working  these  ovens. 

4.  The  space  occupied  by  an  oven  of  this  description,  although  much 
longer,  is  not  more  than  half  that  of  an  11 -feet  beehive  oven. 

Disadvantages. —  1.  The  coke  made  (although  so  far  as  the  author 
knows  it  is  of  as  good  quality  as  coke  made  in  any  other  oven)  presents  an 
appearance  which  is  much  against  it  in  the  open  market.  This  disadvan- 
tage, however,  is  not  much  felt  in  South  Wales,  because  most  of  the  larger 
concerns  which  have  adopted  the  Coppee  oven  consume  their  own  coke. 

2.  By  reason  of  the  frailty  of  their  construction,  and  of  the  intense 
heat  to  which  the  rapid  combustion  of  the  coal  subjects  them,  repairs  are 
much  more  frequent  in  the  Coppee  oven  than  in  the  ordinary  beehive  or 
plain  oblong  oven,  and  consequently  the  cost  under  this  head  is  greater 
per  ton  of  coke  made. 
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3.  The  ovens  contained  in  a  group  are  bo  intricately  connected  with 
each  other  that,  except  for  slight  repairs,  ii  is  necessary  to  lay  off  a 
whole  group  when  repairs  are  needed,  and  when  small  repairs,  such  as 
the  baking  out  of  Bue-covers  and  portions  of  the  side-walls  are  necessary, 

the  area  of  the  Oven  is  so  limited  that  a  workman  cannot  conveniently 
make  a  good  job  of  (hem,  and  even  then  at  least  three  ovens  have  to  be 
laid  Idle  while  such  repairs  are  being  made. 

I.  The  cost  of  building,  including  the  hot-air  and  cold-air  flues, 
together  with  the  main  tine  connecting  the  group  with  the  chimney,  is 
very  bigh,  amounting  to  about  6120  per  oven,  or  equal  to  twice  the  cost 
of  an  ordinary  1  1 -feet  beehive  oven,  which  would  be  about    t;f>7. 

5.  The  pushing  machine  requires  to  be  maintained. 

ii.  The  coke  being  watered  after  it  is  drawn  from  the  oven  contains 
a  comparatively  large  percentage  of  moisture,  and  this  has  a  tendency  to 
make  the  coke  look  dull. 

The  Furnace  6b  Oblong  Coke-Oven. 

These  ovens  (Figs.  4.  5,  ii  and  7,  Plate  XXXI.)  are  generally  made 
15-feei  long  by  ."•-feet  6-inches  wide  at  the  back  end  and  6-feet  8-inches 
at  the  front  end,  and  l-feet  9-inches  high.  There  are  two  hot-air  flues 
and  one  cold-air  Hue  in  the  sides  (Fig.  (5)-  The  air  enters  by  the  flue  C, 
producing  the  necessary  combustion  of  the  coal,  the  gases  from  which 
escape  at  the  eye  A  to  the  flues  B  I>,  following  the  direction  of  the  arrows. 

Advantages. — With  flues  in  the  side-walls  heated  with  hot  u'as,  coke 
made  in  the  oblong  oven  (with  the  exception  of  that  portion  which  is  in 
contact  with  the  side-walls)  presents  a  good  marketable  appearance,  and 
is  worth   in  the  market  from  3d.  to  (Id.  per  ton  more  than  coke  made  in 

the  Coppcc  ovcll. 

The  form  of  the  oven  enables  the  coke  to  be  drawn  in  a  batch  by 
of  an  anchor  of  iron  after  it  is  watered,  consequently  less  time  is 
occupied  :n  drawing  the  oven  than  is  the  case  with  the  ordinary  beehive 
oven. 

This,  however,  is  not  an  unmitigated  advantage, because  the  operation 
of  drawing  the  coke  by  means  of  the  anchor  has  a  crushing  or  disintegrat- 
ing effect  upon  the  coke. 

Disadvantages. — 1.  The  side-flues,  BBC,  are  constantly  giving  way 
and  getting  blocked  up.  preventing  the  heat  from  circulating  through  them 
properly,  the  result  being  that  the  coke  next  the  walls  (which  do  not  get 
properly  heated)  is  of  inferior  quality.  Repairs  have  to  be  effected  at 
greal   cost,  because  the  side  walls  have  to  be  broken  through  to  get  at 
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the  flues,  if  a  large  percentage  of  the  coke  produced  is  not  to  be  of  an  inferior 
quality,  and  an  undue  proportion  of  small  breeze  made.  This  difficulty 
can,  however,  be  got  over  without  doing  away  with  the  ovens  by  block- 
ing up  the  exit,  A,  taking  out  a  brick  in  thickness  from  the  side  walls 
(so  that  the  dividing  wall  between  the  ovens  is  not  so  thick)  and  building 
up  the  doorway  to  about  8-feet  B-inehes  wide,  and  the  same  height  as  an 
ordinary  beehive  oven  doorway,  ami  arranging  the  air  inlet  as  shown  at  B  B, 
in  Figs.  8  and  9,  in  fact  making  the  oven  into  as  near  the  form  of  the 
beehive  oven  as  possible,  with  an  opening  at  the  back  for  the  exit  of  the 
gases  into  the  flue  D,  Fig.  8.  The  result  of  this  re-arrangement  is  that 
the  coke  is  made  of  much  better  quality,  and  the  yield  is  considerably 
increased,  proving  that  after  all  the  old  beehive  oven  is  the  best. 

2.  The  yield  of  an  oven  does  not  exceed  6  tons  per  week  from  Silk- 
stone  smudge. 

3.  The  initial  cost  is  about  £75  per  oven. 

The  Dixon  &  Breckon  Coke-Oven. 

Advantage. — Mr.  Dixon  states  that  it  is  capable  of  yielding  1 2  tons 
of  coke  per  oven  per  week,  or  in  one-third  the  time  of  the  ordinary  oven 
it  will  yield  10  per  cent,  more  coke  from  a  given  quantity  of  coal.  If  this 
is  correct  it  is  equivalent  to  the  best  yield  of  a  single  Coppee  oven, 
although  it  is  only  fair  to  say  that  the  space  occupied  by  such  an  oven 
is  twice  the  area  of  that  of  a  Coppee  oven. 

With  the  exception  of  the  flue  arrangements  underneath  the  bottom 
of  the  oven  and  the  communicating  fine  from  the  oven  to  the  bottom- 
flues,  and  from  the  bottom-fines  into  the  main  flue,  it  is  dealt  with  in 
precisely  the  same  manner  as  that  of  an  ordinary  beehive  oven. 

Disadvantage. — The  combustion  of  the  fuel,  working  simultaneously 
from  the  top  and  bottom  of  the  oven  respectively,  forms  a  parting 
in  the  centre  of  the  batch,  and  consequently  the  coke  made  by  it  is  much 
shorter  than  that  made  in  a  beehive  oven.     This  is  not  a  disadvantage. 

The  author  saw  a  number  of  ovens  on  this  principle  at  Colonel 
Hargreave's  collieries,  near  Burnley,  where  they  seem  to  give  every  satis- 
faction. The  flues  not  likely  to  meet  with  water,  say  those  under  floor, 
are  made  of  ganister  bricks,  and  the  lining  of  the  oven  is  of  ganister 
and  fireclay  mixed.  The  author  would  suggest  that  their  not  being 
largely  in  use  is  owing  to  the  fact  that  the  coke  made  in  them  does  not 
present  the  same  marketable  appearance  as  the  coke  made  in  the  ordinary 
beehive  oven  without  the  flues,  and  that  therefore  the  advantage  claimed 
for  this  oven  in  the  increased  yield  would  appear  to  be  compensated  for 
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by  the  disadvantages  connected  with  it,  inasmuch  as  the  difference  in  the 

cost  of  construction  of  such  an  oven  will  not  exceed  an  ordinary  beehive 
oven  by  more  than  40  per  cent.,  say  £23. 

The  Beehive  Coke-Oven. 

This  oven,  in  varying  sizes  from  10-feet  to  11-feet  6-inches,  is  almost 
universally  adopted  in  this  district  and  in  the  North  of  England,  proving 
that  the  beehive  form  is  considered  superior  to  any  other.  See  Pigs.  1 1 
and  12,  Plate  XXXI.,  which  also  show  an  arrangement  for  heating  the 
boilers  with  the  waste  gas<  s. 

Advantages, — 1.  It  is  simple  in  construction;  its  durability  by  reason 
of  its  form  is  great;  its  average  life,  with  ordinary  wear-and-tear  repairs, 
considerably  exceeds  ten  years.  The  shape  of  the  oven  being  circular 
exposes  less  of  the  coke  relatively  to  its  general  bulk  to  the  side  walls,  and 
therefore  any  waste  under  this  head  is  minimized.  The  doorway  out  of 
which  the  coke  is  drawn  is  narrow  in  proportion  to  the  area  of  the  oven, 
and  therefore,  as  against  the  furnace  oven  previously  referred  to, 
a  smaller  proportion  of  the  coke  is  exposed  to  the  influences  of  the 
outer  atmosphere. 

A  properly  constructed  beehive  oven  will  yield  7  tons  of  coke  per 
week  when  an  average  quality  of  coal  is  used. 

•1.  The  cost  of  repairs  does  not  average  more  than  about  2d.  per  ton 
on  the  coke  made. 

Disadvantages. — The  coke  has  to  be  drawn  at  most  places  by  hand, 
an  operation  which  requires  a  man  for  about  H  hours  watering  the  oven 
and  wheeling  the  coke  on  to  the  platform.  In  the  meantime  the  oven  is 
longer  exposed  to  the  atmosphere,  and  therefore  cools  to  a  greater  degree 
than  those  which  are  drawn  by  machinery,  and  thus  the  labour  cost  of 
drawing  is  somewhat  higher  than  in  the  case  of  machine-drawn  coke.  This 
greater  cost  has,  however,  been  obviated  to  a  great  extent  at  several 
collieries  by  the  use  of  mechanical  drawers. 

One  of  these  drawers  consists  of  a  large  shovei  (Fig.  L6,  Plate  XXXL), 
about  2-feet  wide  at  I  lie  back,  and  about  f>-i itches  deep:  t  his  is  push,  d  into 
the  oven,  under  the  coke,  which  falls  over  the  back  of  the  shovel,  by  a 
rack  connected  to  a  travelling  engine.  <  >n  withdrawing  the  shovel,  the 
coke,  which  has  fallen  over  it,  is  drawn  out,  and  falls  into  corves,  which 
are  drawn  along  the  front  of  the  ovens  by  endless-rope  haulage,  or  into 
travelling  belts,  which  convey  the  coke  to  a  hoist,  where  it  is  tipped 
into  the  wagons.  In  one  instance  of  the  author's  experience  the  cost  of 
labour  has  been  reduced  6d.  per  ion,  after  allowing  for  interest  on  the 
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cost  of  the  plant.  One  of  these  machines  will  draw  twenty-five  ovens 
in  a  day,  at  a  cost  of  about  5s.  for  labour  of  drawing.  The  time  in 
drawing  is  also  reduced,  and  there  is  less  loss  in  heat  as  compared  with 
hand-drawing. 

No  record  having  been  kept  of  the  small  breeze  made  in  the  old 
method  of  hand-drawing  the  author  cannot  give  figures,  but  from  general 
observation  the  coke  is  not  broken  up  more  by  these  machines  than  by 
hand-drawing. 

Advantages— The  combustion  being  gradual  adapts  itself  more 
uniformly  throughout  the  whole  oven,  and  therefore,  in  the  author's 
opinion,  a  more  uniform  quality  of  coke  is  produced. 

This  is  more  especially  an  advantage  in  the  case  of  highly  bituminous 
coals,  but  it  becomes  a  disadvantage  where  the  coal  is  low  in  bitumen, 
because  in  that  case  additional  heat  is  necessary  to  burn  off  the  charge  in 
a  given  time. 

The  D-Shaped  Coke- Oven. 

Plans  of  these  ovens  (Figs.  13,  14,  and  15,  Plate  XXXL),  are 
attached,  a  glance  at  which,  taken  in  conjunction  with  the  beehive  oven, 
will  show  that  the  capacity  of  the  oven  is  greater  than  the  ordinary  11 -feet 
beehive  oven.  The  principal  dimensions  being  11 -feet  long,  10-feet 
wide,  and  7-feet  high.  The  brickwork  surrounding  the  ovens  and 
adjacent  to  them  renders  less  brickwork  necessary  between  the  ovens 
and  therefore  the  heat  communicated  from  each  oven  must  be  relatively 
greater.  It  is  unlike  the  furnace  oven,  inasmuch  as  there  are  no  side  gas- 
flues  in  the  walls,  but  it  is  so  constructed  that  the  combustion  is 
maintained  by  air-flues,  which  receive  the  air  in  the  walls  at  F,  and  pass 
it  along  to  the  back  end,  and  thence  back  over  to  the  front,  communi- 
cating with  the  inside  of  the  oven  by  a  small  inlet  at  E  ;  this  arrangement 
of  flues  enables  the  air  to  be  heated  before  entering  the  oven.  The 
quantity  of  coke  made  by  an  oven  of  this  description  from  an  average 
sample  of  coking  coal  will  be  about  11  tons  per  week,  the  oven  being 
drawn  three  times  per  week.  The  construction  of  this  oven,  although 
perhaps  not  quite  so  strong  as  that  of  a  beehive  oven,  is  even  more  simple 
generally  than  that  of  the  beehive  oven ;  beyond  the  fact  that  it  partakes 
of  an  oblong  rather  than  a  circular  shape  it  is  similar  in  every  other  respect 
to  the  beehive  oven. 

The  space  occupied  by  a  square  oven  of  this  kind  is  less  than  an 
11-feet  beehive  oven,  compared  with  the  charges  that  can  be  put  into 
each   of  them;  this,  therefore,  is  an  advantage,  as   against  the  latter. 
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For  the  purpose  of  raising  steam  with  the  waste  gases,  forty -eight  of 
these  ovens  are  found  sufficient  to  raise  steam  for  four  boilers  without 
any  material  assistance  by  hand-firing. 

Crushing  and  Washing  Goal. 

Great  importance  attaches  to  the  question  of  crushing  coal,  because 
it  is  an  undoubted  advantage  fco  reduce  the  coal  to  one  uniform  size  before 
being  put  into  the  oven  for  coking.  So  general  is  the  opinion  that  crush- 
ing improves  coke  that  it  is  very  exceptional  bo  find  a  coking  colliery 
unprovided  with  a  crusher.  The  crushing  apparatuses iu  most  general  use 
are— (1)  the  Carr  disintegrator:  (2)  rollers  revolving  vertically  in  per- 
forated pan  revolving  horizontally,  the  crushed  coal  passing  through  the 
perforations  ;  and  (3)  rollers  revolving  in  opposite  directions,  corrugated  or 
otherwise.  The  second  method  is,  in  the  author's  opinion,  the  most  suit- 
able for  grinding  slack,  as  it  has  a  tendency  to  give  a  denser  structure 
to  the  coke  than  the  other  kind  of  disintegrators. 

At  many  coking  establishments  the  coal  is  both  crushed  and  washed. 
A  great  diversity  of  opinion  prevails  as  to  what  the  order  of  the  two 
operations  should  be.  For  instance,  at  some  extensive  works,  small  coal  is 
first  washed  by  the  trough  system,  and  then  crushed  by  a  machine  on  the 
principle  of  the  second  one  above  described,  and  at  other  places  the  system 
is  reversed.  It  is  obvious  that  the  operation  of  effectually  crushing  wet 
coal  is  rather  a  slow  process,  and  that  any  impurities  contained  in  the 
coal  before  crushing  are  not  removed  by  the  crushing;  therefore  the 
only  advantage  obtained  by  crushing  after  Washing  is  the  reducing  of  the 
coal  to  a  more  uniform  size,  and  so  obtaining  a  denser  coke  than  would 
otherwise  be  obtained.  Coal  is  more  readily  crushed  before  washing,  and 
the  pyrites  and  impurities  contained  in  the  coal  are  thus  more  sal  isfactorily 
disassociated  from  it.    An  efficient  washer  applied  after  crushing  is  therefore 

really  more  beneficial,  when  the  order  of  the  two  operations  is  reversed. 

On  the  other  hand,  it  is  extremely  difficult  to  thoroughly  wash  fine  smudge. 
Smudge,  when  line,  cakes  in  the  water  and  floats  away  on  the  top,  carrying 
with  it  large  portions  of  the  light  impurities  and  flaky  pieces  of  pyrites,  and 
thus  the  result  is  not  satisfactory.  A  great  deal  of  attention  has  been 
devoted  to  the  quesl  ion  of  washing  smudge,  with  the  object  of  overcoming 
these  difficulties.  The  following  area  few  of  the  washing  machines  in  use 
in  various  pails  of  the  kingdom  : — (1  |  the  old-fashioned  trough  system  ; 
(2)  the  Sheppard  washer;  (3)  the  Sheppard  improved  washer;  (I)  the 
Bell <S  Ramsay  washer;  and  (.">:  the  Robinson  washer. 
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Mr.  Nevin  said  lie  believed  this  subject  hud  never  yet  been  mentioned 
in  the  Transactions  of  the  Midland  Institute.  Comparing  this  paper  with 
Mr.  Steavenson's  paper  read  thirty  years  ago  before  the  North  of  England 
Institute,  they  could  not  but  be  struck  with  the  fact  that  nothing  seemed 
to  have  superseded  the  beehive  oven  for  coking  bituminous  coal,  such  as 
they  had  in  this  district,  and  in  Durham.  The  Coppee  oven  seemed 
to  have  done  better  in  France,  Belgium,  and  South  Wales,  where  the  coal 
was  less  bituminous  than  that  of  this  district,  and  did  not  give  off  so 
much  heat  in  the  coking  process.  The  chief  improvements  seemed  to  have 
been  in  the  preparation  of  coal  for  coking,  both  in  washing  and  crushing. 
Mr.  Mitchell  seemed  to  have  come  to  the  same  conclusion  as  to  lined  ovens 
as  was  come  to  when  Mr.  Steavenson's  paper  was  discussed,  namely,  that 
fined  ovens  gave  good  results  at  first,  but  they  so  weakened  the  walls  of  the 
oven  that  at  length  the  loss  was  almost  greater  than  the  gain.  The 
question  having  been  opened  he  hoped  papers  would  be  forthcoming 
describing  what  had  been  done  lately  as  to  the  best  means  of  washing  and 
grinding  coal,  and  preparing  it  for  the  coke-ovens.  He  proposed  a  vote  of 
thanks  to  Mr.  Mitchell. 

Mr.  W.  Hexry  Chamkers  had  great  pleasure  in  seconding  the  motion. 
The  subject  had  not  received  the  attention  it  deserved  from  an  Institute 
situate  in  the  centre  of  so  large  a  coke-producing  district.  The  varieties 
of  ovens  and  the  number  of  patents  that  had  been  taken  out  showed  that 
the  process  of  coking  at  present  in  use  was  yet  capable  of  improvement. 
The  beehive  oven,  which  was  a  very  primitive  one,  and  almost  the 
original  type  of  oven  built  for  the  purpose  of  carbonizing  coal,  was  yet 
the  one  generally  adopted.  The  admission  of  hot  air,  if  they  might  judge 
by  experts,  had  answered  for  various  coals  in  different  degrees.  The 
form  of  oven  had  generally  been  something  very  elaborate  and  it  had 
gradually  dropped  back  to  the  form  of  the  beehive  oven  as  an  improve- 
ment. Several  kinds  of  these  ovens  had  been  adopted  at  places  he  was 
connected  with,  and  they  had  usually  gone  back  to  the  old  beehive  oven. 
The  objections  to  the  beehive  oven  were  found  in  the  unsatisfactory 
production,  and  in  the  comparatively  low  percentage  of  coke  obtained  for 
the  carbon  contained  in  the  coal.  It  was  obviously  necessary  that  part  of 
the  carbon  should  be  consumed  in  the  process  of  coking.  Heating  the  air, 
was,  of  course,  done  to  obviate  that  as  much  as  possible.  Slaking  the 
coke  outside,  in  order  to  maintain  the  heat  of  the  oven  as  intense  as 
possible  was  no  doubt  detrimental  to  the  coke  in  some  way.  Many 
firms  consuming  the  coke  they  manufactured  did  not  let  a  prejudice 
of  that  kind  stand  in  the  way  of  getting  an  increased  percentage  of  coke 


86  DISCUSSION — NOTE>  OX  VARIOUS  TYPES  OF  COKE-OVENS. 

from  the  coal.  With  regard  to  the  recovery  of  bye-products  of  which 
nothing  was  said  iii  the  paper,  there  were  ovens  sneh  as  the  Simon- 
Carves  and  others  for  that  purpose.  One  system  in  operation  in  this 
district  seemed  to  answer  very  well.  There  did  uol  seem  to  be  any  in- 
tricate flues  to  get  out  of  order  as  in  other  systems,  and  when  the  ovens 
were  put  out  they  did  not  tumble  to  pieces  and  want  rebuilding,  and  the 
cost  of  repairs  was  slight,  uol  much  more  than  an  ordinary  oven.  It 
would  be  interesting  if  gentlemen  using  these  systems  would  contribute 
descriptions  so  that  the  subject  could  be  thoroughly  considered.  Willi 
regard  to  washing  the  coal  and  crushing  it  to  uniform  size,  there  was 
greater  advantage  in  washing  it  at  a  uniform  size  than  in  putting  it 
into  the  oven  in  one  size,  it  could  not  be  properly  washed  by  any 
system  unless  it,  was  properly  sized. 

The  President  said  the  object  of  coke-making  was  to  obtain  a  quality 
of  coke  as  free  from  sulphur,  moisture,  and  ash  as  possible.  As  Mr. 
Chambers  said,  by  sizing  the  coal  before  washing  they  gol  rid  of  a  great 
amount  of  ash  in  it.  It  did  not  matter  what  they  did  with  the  washing, 
if  the  sulphur  remained  in  the  coke  through  the  fault  of  the  coal  itself  they 
could  not  get  rid  of  it ;  but  where  they  had  a  coal  which  they  could  free- 
from  sulphur  by  letting  the  gases  evolve  freely  and  without  obstruction, 
they  did  very  much  to  improve  the  quality  of  the  coke.  At  the  same  time 
they  were  all  hampered  by  the  question  of  smoke-nuisance,  damage  to 
crops,  etc  If  as  the  result  of  the  discussion  which  had  been  commenced 
they  were  led  to  some  form  of  oven  or  some  appliance  which  would 
enable  them  to  give  their  customers  satisfactory  coke,  and  at  the  same 
time  prevent  them  from  being  liable  for  damages  caused  by  the  smoke  of 
the  owns,  a  good  work  would  have  been  started. 

The  resolution  was  carried. 

The  Secretary  acknowledged  the  vote,  and  said  he  hoped  the  paper 
would  be  the  means  of  inducing  others  who  had  far  wider  experience 
than  himself  to  give  their  views.  Good  coke  had  been  made  in  the 
district,  and  if  those  who  had  made  it  would  tell  how  they  did  it  there 
would  be  immense  improvements  all  round. 

Mr.  Nash  moved  that  the  discussion  be  adjourned. 

Mr.  Xevix  seconded  the  motion,  which  was  carried  unanimously. 
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AX  UNDERGROUND  SYSTEM  OF  HAULAGE. 


By  JOHN  NEVIN. 


Mr.  Nevin  produced  a  plan  (Plate  XXXII.)  showing  the  arrange- 
ment of  engine-planes  at  a  thin-coal  colliery  in  West  Yorkshire. 

The  seam  worked  varies  from  2  feet  to  2  feet  9  inches  thick,  and 
averages  about  28  inches.  The  corves  hold  about  5  cwt.  of  coal,  and 
weigh  about  2  cwt.  0  qrs.  14  lbs.  when  empty;  the  wheels  are  steel, 
8-inches  diameter,  with  l|--inches  axles;  and  gauge  of  road  23  inches. 
The  engine-planes  are  laid  with  16  lbs.  steel  rails  in  18-feet  lengths  on 
chairs,  and  fished  at  the  joints. 

There  are  two  drawing  pits  about  1|  miles  apart,  the  output  of  the 
pit  A  is  about  1,400  to  1,600  corves,  or  350  to  400  tons  a  day.  The  pit 
B  is  chiefly  used  as  a  relief  pit  for  changing  men  and  for  ventilation,  and 
only  200  to  300  corves,  or  50  to  75  tons  a  day  are  drawn  there,  to  supply 
a  small  landsale  depot,  the  rest  of  the  coal  worked  there  being  sent  along 
the  engine-plane  to  the  pit  A. 

The  men  commence  going  down  at  6  a.m.,  and  begin  coming  up  at  2 
p.m.  Coal  is  drawn  from  6*30  a.m.  to  3*30  p.m.,  less  half  an  hour's 
stoppage  for  breakfast,  and  about  half  an  hour  occupied  in  drawing  the 
men,  say  about  8  hours  net. 

The  hauling  engines  are  underground,  and  steam  is  taken  down  the 
shafts  from  the  boilers  at  bank,  which  work  at  about  50  lbs.  pressure. 
There  is  not  much  loss  of  pressure,  but  there  is  a  good  deal  of  condensa- 
tion, although  the  pipes  are  clothed  with  silicate  cotton  or  cement. 

The  full  dip  of  the  seam  is  2h  inches  per  yard  to  the  south-east ;  but 
there  are  many  large  faults,  most  of  which  are  crossed  by  stone  drifts  at  a 
gradient  of  6  inches  to  the  yard. 

No.  1  Engine. — The  coal  to  the  dip  of  the  east  levels  was  worked  by  a 
single-rope  engine,  with  one  12-inches  horizontal  cylinder,  2-feet  stroke, 
geared  3  to  1  to  a  4-feet  drum ;  and  steel  wire-rope  f -inch  diameter. 

The  planes  worked  by  it  were  as  follows,  the  inclination  being  sufficient 
to  take  the  empty  set  and  rope  in-bye  by  gravity: — (1)  the  dip  bords, 
dipping  about  2  inches  per  yard,  with  the  following  stations — No.  1  at 
400  yards,  No.  2  at  620  yards,  No.  3  at  800  yards ;  (2)  the  dip  slants, 
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dipping  2^  inches  per  yard,  the  first  station  being  at  500  yards,  and  the 
second  at  620  yards.  Twenty  corves  were  run  in  each  set  in  the  bords 
and  14  corves  in  the  slants. 

The  work  done  was  600  to  800  corves  of  eoal,  and  20  or  30  corves  of 
dirt  and  water,  run  an  average  distance  of  600  yards. 

This  district  is  now  worked  out. 

No.  2  Engine. — Has  one  12-inchea  horizontal  cylinder,  2-feet  stroke, 
geared  13  to  1  to  a  3-feet  6-inches  diameter  chain  drum,  the  usual  sjH'cd 
being  about  2,600  yards,  or  1^  miles,  per  hour.  The  corves  arc  attached 
singly,  14  to  18  yards  apart. 

The  first  240  yards  of  the  plane  rises  6  inches  to  the  yard,  and  is 
worked  by  an  ^-inch  chain.  At  that  distance  is  a  branch  to  the  west, 
830  yards  long,  nearly  level,  which  will  he  much  extended.  This  is 
worked  by  a  f-inch  diameter  endless-rope. 

The  next  950  yards  rises  about  108  feet,  with  a  short  gradient  of  4 
inches  to  the  3'ard,  and  then  a  slight  dip.  A  station  by  the  road  side  has 
been  worked  at  450  yards,  and  a  branch  west  of  330  yards  at  710  yards 
is  not  working  at  present. 

From  the  station  at  1,190  yards  a  branch  goes  north  for  375  yards, 
and  at  125  yards  a  branch  east  of  230  yards  has  been  worked.  At  the 
extremity  is  a  farther  length  of  self-acting  endless-rope,  205  yards  long. 

Straight  up  from  the  station  at  1,190  yards  is  a  farther  length  of  640 
yards,  with  a  station  at  400  yards,  and  this  will  be  extended  eventually 
about  800  yards  farther,  the  present  length  straight  up  being  1,875  yards. 
Except  the  240  yards  of  chain  up  the  steep  stone-drift,  the  whole  of 
this  is  worked  by  f-inch  diameter  steel  rope. 

No.  3  Engine. — Has  two  8-inches  vertical  cylinders,  14-inches  stroke, 
geared  12  to  1  to  a  chain  drum  3-feet  6-inches  diameter,  working  an  end- 
less chain  f-inch  diameter,  at  a  speed  of  2,600  yards,  or  H  miles,  per  hour. 

The  road  is  nearly  level  for  100  yards,  then  rises  2  inches  per  yard  for 
100  yards,  and  is  then  nearly  level  for  340  yards  farther,  the  total  rise 
being  28  feet  in  this  distance  of  540  yards.  Here  a  branch  to  the  dip, 
330  yards  long,  dipping  2  inches  per  yard,  was  worked,  and  at  440  yards 
from  the  engine  a  branch  to  the  rise,  450  yards  long,  rising  2  inches  per 
yard. 

The  corves  are  attached  to  the  chain  singly  at  intervals  of  20  yards  by 
loose  pins  placed  in  a  socket  in  the  corf-end. 

The  work  done  by  this  engine,  which  has  never  worked  to  its  full 
capacity,  is  600  to  Son  corves  a  day  for  an  average  distance  of  about  700 
yards,  in  addition  to  the  coals  brought  up  by  No.  1  engine,  and  run  for 
about   100  yards  over  this  road. 
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No.  4  Engine. — Is  fixed  near  the  pit  B,  and  lias  two  8-inches  hori- 
zontal cylinders,  12-inches  stroke,  geared  13  to  1  to  a  3-feet  6-inches 
chain  drum.  It  works  a  road  which,  for  the  first  90  yards,  dips  6  inches 
to  the  yard,  is  then  nearly  level  for  225  yards  farther,  and  has  had  a 
branch  190  yards  long,  rising  2  inches  to  the  yard,  which  is  now 
finished.  It  also  works  a  road  785  yards  long,  dipping  a  little  over 
1  inch  to  the  yard,  which  connects  with  a  branch  from  No.  2  engine- 
plane,  so  that  coals  can  be  taken  this  way  from  pit  B  to  pit  A.  These 
roads  are  worked  with  f-inch  chain. 

As  the  last  road  will  have  to  be  extended  1,500  yards  west,  with  several 
branches,  it  is  intended  to  substitute  a  pair  of  12  or  14-inches  engines  at 
bank,  with  ropes  down  the  pit  for  the  present  small  pair  underground. 

Endless-chain  is  found  most  convenient  when  there  are  quick  changes 
of  gradient,  but  when  the  planes  are  moderately  flat  endless-rope  is  better, 
on  account  of  its  less  weight. 

With  the  exception  of  three  ponies  used  on  a  road  on  which  there  will 
not  be  sufficient  coal  carried  to  pay  for  the  cost  of  an  engine-plane,  the 
whole  of  the  haulage  is  done  by  the  above  engines,  the  present  cost  being 
about  l'30d.  per  ton  for  an  average  distance  of  1,400  yards ;  the  distance 
from  the  face  to  the  engine-planes  averaging  generally  under  200  yards. 
The  cost  of  making  an  endless-chain  road  8  feet  wide  by  5  feet  G  inches 
high  is  6s.  to  8s.  a  yard ;  and  that  of  a  pony  road  or  single-ropeway, 
4  feet  G  inches  wide  by  5  feet  G  inches  high,  is  4s.  to  5s.  a  yard. 


The  President  asked  the  cost  of  the  haulage. 

Mr.  Nevin — 2|d.  a  ton,  and  the  average  distance  three-quarters  of  a 
mile.  It  depended  much  on  the  number  of  stations.  Stations  must  be 
kept  down  as  much  as  possible,  because  each  required  a  strong  lad  and  a 
little  one. 

The  President — Is  it  continuous  haulage  ? 

Mr.  Nevin — It  is  continuous  haulage  all  the  distance. 

The  President — What  is  your  motive  power  ? 

Mr.  Nevin—  Steam  sent  down  the  shaft. 

The  President — In  all  cases  ? 

Mr.  Nevin — Yes. 

Mr.  Garforth — Where  are  the  tubs  disengaged  ? 

Mr.  Nevin — At  every  angle.  They  used  pins  or  forks  inserted  in 
a  socket  on  the  corf-end.     They  used  ropes  on  the  ordinary  gradients, 
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but  on  the  inclines  which  were  c>  inches  to  the  yard,  they  had  to  be 
very  careful  to  Bee  that  the  chain  which  they  used  there  was  properly  on 
the  corf-pin.  The  usual  gradient  was  2\  inches  to  the  yard.  The  incline 
drifts  he  had  alluded  to  did  more  work  than  the  engine.  The  tramming 
from  the  face  to  the  main  roads  was  done  by  boys.  The  haulage  cost 
L'.\d.  per  ton,  but  that  did  not  include  the  cost  of  tramming  from  the 
face  to  the  different  stations,  which  cost  6d.  a  ton, 

.Mi-.  Garforth  said  he  generally  found  on  a  road  employing  eighl 
or  nine  horses  it  paid  to  substitute  mechanical  haulage.  Tramming  was 
so  expensive  that:  it  was  more  economical  to  lengthen  the  chain  or  rope. 

.Mr.  Nevin  said  all  their  tramming  was  done  by  boys  at  so  much  for 
the  first  110  yards,  and  after  that  so  much  per  20  yards.  It  was  easy 
to  reckon  when  it  would  pay  to  put  in  the  rope. 

Mr.  Garforth  asked  what  distance  would  pay  in  a  30-inches  seam  ? 

Mr.  Xevin  said  they  never  had  more  than  800  yards  tramming.  The 
average  was  about  200  yards. 

Mr.  Garforth  moved,  and  Mr.  Eedley  seconded,  that  the  discussion 
be  adjourned. 

The  motion  was  carried. 


ELECTRIC  SAFETY-LAMP. 

Mr.   Bennett   (Leeds)   introduced  a   miner's    electric   safety-lamp, 

which  he  exhibited  to  the  members.  Tie  was  not  prepared,  however,  to 
give  any  details  as  to  its  working,  nor  was  it  charged  for  gentlemen 
to  test  its  illuminating  powers. 

Mr.  Marshall  moved  that  the  lamp  be  more  fully  examined  at   a 
subsequent  meeting,  and  this  was  agreed  to. 


The  President  said  the  Council  had  arranged  for  a  joint  meeting 
with  the  Chesterfield  Institute,  at  Sheffield,  on  May  '-'<r<\.  Mr. 
Bargreaves  promised  a  paper  on  haulage  for  that  meeting.  The  next 
meeting  of  the  Institute  was  at  Leeds,  on  April  12th,  when  Mr. 
( 'handlers  would  give  a  paper  on  the  system  of  pumping  adopted  at 
Oadeby. 

Mr.  W.  Henry  Chambers  moved  a  vote  of  thanks  to  the  President, 
which  was  seconded  by  Mr.  Garforth,  and  carried  unanimously. 

The  President  acknowledged  the  vote,  and  the  meeting  terminated. 
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MEMOIR  OF  ROBERT  MILLER. 


Robert  Miller  died  on  October  8th,  1891,  aged  61  years.  He  was 
a  native  of  Haswell,  in  the  county  of  Durham,  and  received  his  early 
training  and  experience  in  that  district.  He  was  for  some  time  employed 
at  Messrs.  Charlesworth's  Chapelthorpe  Collieries,  near  Wakefield ;  he 
afterwards  took  charge  of  the  Strafford  Collieries,  near  Stainbro',  in  the 
latter  part  of  1866,  and  his  connexion  with  those  collieries  ceased  in 
1882.  There  were  many  difficulties  to  overcome  at  the  Strafford  Col- 
lieries during  the  early  years  of  his  management ;  the  pit  was  liable  to 
sudden  outbursts  of  gas,  one  taking  place  a  few  days  after  the  Oaks 
explosion  of  1866.  When  he  left  in  1882,  he  was  presented  with  two 
testimonials — one  from  the  officials  of  the  colliery  and  the  other  froin  the 
workmen. 

During  the  last  eight  or  nine  years  of  his  life  Mr.  Miller  had  the 
management  of  collieries  belonging  to  Mr.  Cooper  and  others. 

He  was  an  active  member  of  the  Midland  Institute  of  Mining,  Civil, 
and  Mechanical  Engineers  from  its  commencement,  and  held  office  as 
Vice-President,  member  of  Council,  etc.  Some  of  the  most  practical  and 
valuable  papers  printed  in  the  Transactions  are  from  his  pen  ;  among  the 
last  which  he  read,  was  one  dealing  with  the  question  of  working  the 
Silkstone  Seam  by  deepening  the  unused  shafts  which  had  been  sunk  to 
the  Barnsley  Bed. 

He  was  one  of  the  mining  engineers  who  during  the  latter  weeks  of 
1866  and  the  early  months  of  1867  were  consulted  as  to  the  best  means 
of  recovering  the  bodies  of  the  entombed  miners  at  the  Oaks  Colliery,  and 
he  was  equally  active  in  connexion  with  the  rescue  work  at  Swaithe 
Main  in  1875,  and  Messrs.  Craik's  Whamcliffe  Carlton  Colliery  in 
October,  188b. 

He  was  well  known  throughout  the  South  Yorkshire  mining  district, 
and  was  held  in  high  esteem  by  all  who  knew  him.  He  was  a  careful 
and  experienced  mining  engineer,  and  enjoyed  the  confidence  of,  ami  was 
often  consulted  by,  those  connected  with  the  winning,  working,  and 
management  of  mines.  His  relations  with  the  workmen  were  of  a  cordial 
nature,  for  he  was  a  considerate  manager,  equally  devoted  to  the  interests 
of  both  employers  and  employed. 


ll'  TRANSACTIONS. 


MIDLAND    INSTITUTE   OF   MINING,   CIVIL,   AND 
MECHANICAL   ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  April  12th.  L892. 


JOS.  MITCHELL,  Esq.,  President,  in  the  Chair. 


The  following   gentlemen  were   elected   Members   of   the  Institute, 
having  been  previously  nominated  : — 

Mr.  Thos.  Sykes,  Mechanical  Engineer,  Soho  Iron  Works.  Manchester. 
Mr.  A.  Jackson,  Mining   Engineer,    Collins   Green    Collieries.    Newton-le- 
Willows,  Lancashire. 


The  Secretary  (Mr.  T.  W.  H.  Mitchell)  then  read  Mr.  Wm.  Ily. 
Chambers1  paper  on  "The  Pumping  Appliances  used  in  the  Sinking 
Operations  at  the  Cadeby  New  Winning." 
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THE  PUMPING  APPLIANCES  USED  IN  THE  SINKING 
OPERATIONS  AT  THE  CADEBY  NEW  WINNING. 


By  WM.   HY.   CHAMBERS. 


The  site  of  the  new  Cadeby  Colliery,  belonging  to  the  Denaby  Main 
Colliery  Company,  Limited,  is  just  on  the  edge  of  the  Magnesian  Lime- 
stone, and  opposite  to  Conisboro'  Station,  on  the  Manchester,  Sheffield, 
and  Lincolnshire  Railway,  and  on  the  north  side  of  the  River  Don, 
which  is  navigable  to  the  ports  of  Goole  and  Hull. 

The  pit  sidings  extend  eastwards  until  their  junction  with  the  main 
line  near  Foulsyke  Tunnel. 

The  royalty  extends  from  about  half  a  mile  west  of  the  shafts  to 
Doncaster  Bridge,  a  distance  of  nearly  five  miles,  and  embraces  upwards 
of  6,000  acres.  It  is  intended  to  work  first  the  Barnsley  Thick  Coal, 
which  is  estimated  to  lie  at  a  depth  of  about  730  yards,  being  divided 
from  the  present  Denaby  workings  in  the  same  coal  by  a  fault  65  yards 
downcast  to  the  east. 

The  first  sod  for  this  new  venture  of  the  Denaby  Company  was  turned 
on  March  25th,  1889,  but  sinking  operations  were  not  proceeded  with, 
beyond  forming  the  shafts  through  the  soil,  for  some  eight  or  ten 
months  afterwards,  until  the  erection  of  the  engines  temporarily  fixed 
for  winding  over  the  sinkers. 

The  shafts  are  16 -feet  diameter  finished,  and  87  yards  apart,  the  dip 
of  the  strata  being  6  yards  from  No.  2,  the  western,  to  No.  1,  the  eastern, 
shaft. 

By  reference  to  the  sections  of  strata  (Figs.  1  and  2,'  Plate  XXXIII.) 
it  will  be  noticed  that  the  first  80  yards  consist  principally  of  boulder 
clay  interspersed  with  very  irregular  seams  of  sandstone  and  coal,  much 
broken  and  fissured. 

Water  was  first  met  with  at  about  8  yards  in  the  No.  1  shaft  on 
reaching  a  bed  of  blocks  of  sandstone,  and  a  No.  i)  pulsometer  was 
put  in,  the  quantity  very  soon  becoming  too  great  to  draw  in  buckets. 

After  the  sinking  reached  50  yards,  although  80  lbs.  of  steam  was 
maintained  at  the  boilers,  the  water  draining  into  the  shaft  became  more 
than  the  pulsometer  could  deal  with,  and  another  larger  one  (a  No.  10) 
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was  obtained.  The  new  pulsometer  wassuspended  at  the  bottom  by  ropes, 
and  the  Xo.  1)  fixed  on  the  same  column  35  yards  from  the  surface. 
These  were  then  able  to  lift  about  30,000  gallons  per  hour,  which 
quantity  was  exceeded  at  a  depth  of  52  yards,  when  operations  had  to  be 
suspended  until  better  appliances  could  be  obtained. 

Seeing  that  the  ground  passed  through  was  so  insecure,  the  idea  of 
adopting  heavy  lifts  had  to  be  abandoned  ;  and  it  was  decided  to  try 
some  kind  of  pump,  capable  of  being  suspended  in  the  shafts,  not  so 
heavy  as  to  necessitate  the  preparation  of  very  strong  foundations,  or 
to  require  staying  from  the  sides,  which  were  too  unsafe  to  stand  any 
vibration,  and  too  soft  even  to  permit  of  holes  being  cut  through  the  wood 
lining. 

The  shafts  being  sunk  through  such  loose  and  soft  material,  frequently 
converted  by  the  water  into  mud,  had  to  be  very  carefully  spiled  in  sink- 
ing :  and  were  then  lined  by  placing  9-inches  by  3-inches  wood-cribs  aboul 
2  feet  apart,  backed  with  7-inches  by  2|-inches  battens  close  together 
behind,  the  whole  being  bolted  together  crib  to  crib,  and  suspended  from 
long  cross-beams  laid  on  packs  on  the  surface.  Flat  iron  rods  were  also 
run  down  inside  the  cribs  from  the  top  beams  and  secured  thereto  as  an 
additional  precaution  to  prevent  slipping. 

After  careful  consideration  an  order  was  given  to  Messrs.  Bailey  &  Co., 
of  Salford,  to  construct  a  chaser-pump  similar  to  that  shown  on  Figs.  3,  4, 
5,  G,  and  7,  Plate  XXXIV. 

The  Denaby  pump  consists  of  three  hollow  plungers  ;  the  upper 
pair  are  stationary,  and  over  them  slide  barrels  which  are  connected  to 
the  steam  piston.  From  the  lower  ends  of  these  barrels,  the  bottom 
plunger  projects.  This  plunger  works  into  a  third  barrel  and  is  actuated 
together  with  the  first  two  barrels,  by  means  of  the  steam  piston.  The 
third  barrel  is  secured,  together  with  the  pair  of  stationary  plungers,  to 
the  steam  cylinder  by  means  of  connecting  rods.  Thus  there  are  two 
small  barrels  in  connexion  with  the  large  ram.  moving  between  the 
smaller  rams  and  the  large  barrel,  which  also  are  connected. 

There  is  a  system  of  indiarubber  disc-valves  in  the  junction  between 
the  smaller  barrels  and  the  large  ram,  constituting  the  delivery  valves  : 
and  another  similar  system  of  valves  at  the  bottom  of  the  large  barrel, 
which  constitute  the  suction  valves. 

The  action  of  the  pump  is  as  follows: — As  the  plunger  rises,  the  water 
follows  it  into  the  lower  barrel  :  and  at  the  same  time,  the  water  in  the 
hollow  plungers  is  forced  into  the  rising  main.  On  the  down  stroke,  (he 
water  in  the  lower  barrel  is  forced  through  the  lower  plunger  and  valves 
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into  the  upper  barrels  and  plungers,  and  thence  into  the  rising  main. 
Thus  there  is  a  continuous  delivery,  on  the  up  and  down  strokes. 

One  of  the  upper  plungers  was  open  at  the  top  and  formed  the  dis- 
charge orifice  for  the  water,  and  the  other  was  closed,  to  form  an  air- 
vessel. 

On  the  later  type  of  pump,  both  the  hollow  plungers  are  connected 
with  pipes  passing  up  each  side  of  the  steam  cylinder  and  joining  together 
above,  with  the  rising  main.  Inside  each  of  these  pipes  is  a  lesser  tube, 
airtight  at  the  top,  leaving  an  annular  space  which  forms  an  air-vessel. 

The  steam  cylinder  is  of  Messrs.  Bailey  &  Co.'s  Davidson  type, 
which  is  found  to  give  excellent  results  in  work.  There  is  practically  no 
dead  point ;  with  small  movement  in  the  reversing  eccentric  lever,  and 
the  steam  valve  is  actuated  by  direct  steam  pressure  as  well  as  a 
positive  movement,  should  sticking  occur,  communicated  from  the  re- 
versing lever. 

The  first  pump  obtained  was  of  the  following  dimensions  : — 

Inches. 
Diameter  of  steam  cylinder  ...         ...         ...         22 

Length  of  stroke      ...         ...         ...         ...         ...  27 

Diameter  of  suction  plunger         ...         ...         ...  18 

Diameter  of  delivery  plungers      ...  ...         ...  8f 

Diameter  of  rising  main     ...         ...         ...         ...  8 

Diameter  of  steam  pipe      ...         ...         ...         ...  3£ 

Diameter  of  exhaust  pipe 4 

The  makers  guaranteed  the  pump  to  lift  50,000  gallons  of  water  per 
hour  300  feet  high  with  80  lbs.  boiler-pressure  of  steam.  This  quantity 
was  obtained  when  running  at  about  35  strokes  per  minute,  but  on 
emergency,  for  many  days  together,  a  speed  of  45  strokes  per  minute  was 
maintained. 

A  telescopic  suction-pipe  of  steel,  with  cast  steel  snore  was  provided, 
by  means  of  which  the  sinking  proceeded  about  6  feet,  without  neces- 
sitating the  lowering  of  the  pump.  This  slide  pipe  was  cased  outside 
with  strips  of  deal  3  inches  thick,  secured  with  iron  clamps,  to  prevent 
bulging  by  shot-firing. 

The  whole  was  suspended  from  the  surface  on  two  old  winding-ropes 
passing  from  suitable  eyebolts  on  the  four  connecting-rods  of  the  pumps, 
up  the  shaft,  over  pulleys  carried  on  long  beams  laid  on  packs  over  a 
considerable  area  of  ground,  and  thence  to  the  drums  of  a  capstan  engine 
(Fig.  8,  Plate  XXXIV.). 

After  the  pump  was  placed  in  position  it  was  farther  secured  by  means 
of  wooden  clamps  on  the  rope  resting  against  the  pulley  framing  (Fig.  8). 
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The  supply,  steam,  exhaust,  and  water  pipes  were  secured  to  the  hang- 
ing ropes  by  iron  stretchers  (Figs.  9  and  10,  Plate  XXXIV.),  placed  about 
9  feet  apart,  provided  with  staples,  as  shown  on  the  plan  (Fig.  10). 

The  steam  was  conducted  to  the  pit-top  through  6-inches  cast-iron 
pipes,  connected  with  a  length  suspended  in  the  head  gear,  provided 
with  a  stuffing-box  at  the  lower  end,  wherein  the  3i-inches  steel  shaft 
pipes  were  free  to  slide. 

As  the  sinking  progressed,  after  the  suction  pipe  was  drawn  out  to  its 
full  extent,  the  pump  with  the  columns  of  pipes  was  lowered  by  running 
the  ropes  off  the  capstan,  and  exhaust-  and  water-pipes  were  built  as 
required  on  the  top  ;  the  steam-pipe,  after  being  drawn  its  full  length 
out  of  the  stuffing-box,  was  pushed  back  and  another  inserted. 

A  stop-valve  and  a  lubricator  were  placed  in  the  fixed  steam-pipe  on 
the  surface.  A  lad  was  in  charge  to  regulate  the  supply  of  steam  as 
required,  he  being  in  communication  with  the  sinkers  in  the  shaft 
bottom  by  means  of  a  signal  bell.  The  speed  of  the  pump  was  thus 
controlled  and  lubrication  effected  without  anyone  being  in  the  shaft 
for  these  purposes.  This  was  a  great  advantage  when  more  pumps  were 
put  in,  as  the  same  lad  looked  after  the  whole  of  them. 

On  reaching  a  depth  of  ."),">  yards,  the  influx  of  water  increased  so  as 
to  necessitate  the  use  of  another  pump,  which  was  of  the  same  construc- 
tion, except  that  the  stroke  was  increased  to  36  inches.  This  pump  was 
guaranteed  to  lift  70,000  gallons  an  hour  while  running  .">">  strokes  per 
minute.  But  this,  on  getting  down  a  few  inches  farther,  was  still 
inadequate  to  deal  with  the  amount  of  incoming  water,  and  another 
similar  pump  was  obtained  and  put  to  work. 

The  sinking  progressed  to  a  depth  of  57  yards,  and  was  then  stopped 
on  account  of  the  inability  of  the  pumps  to  drain  the  shaft. 

In  the  meantime  the  No.  2  shaft  was  following  down  comparatively 
dry,  and  it  was  decided  to  continue  it  until  it  reached  the  same  strata  as 
in  No.  1,  and  put  additional  pumps  in  that  shaft-.  The  first,  or  No.  4 
pump,  was  put  to  work  at  a  depth  of  45  yards,  and  No.  .">  was  placed 
in  No.  1  shaft,  making  four  pumps  in  that  pit. 

Both  shafts  were  sunk  simultaneously  to  a  sandstone  70-yards  deep 
in  No.  1,  and  62-yards  deep  in  No.  -'  shaft. 

Another  pump.  No.  6,  was  put  in  No.  2  shaft,  and  the  sinking  carried 
on  until  the  first  wedging-crib  was  laid  in  No.  1  shaft  at  a  depth  of  7l' 
yards  •_'  feet. 

The  tubbing  was  now  built  up  to  the  surface  and  wedged.  Before 
this  was  fixed,  the  quantity  of  water  lifted  out   of  both  shafts  exceeded 
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400,000  gallons  per  hour,  as  tested  in  a  tank  and  over  a  sill.  This  quantity 
had  to  be  dealt  with  for  three  months  until  the  tubbing  was  wedged. 

The  first  wedging-crib  was  laid  in  Xo.  2  shaft  at  78  yards  2  feet,  and 
the  tubbing  built  thereon  up  to  the  surface.  Both  shafts  were  afterwards 
sunk  to  a  depth  of  100  yards,  wedging-cribs  being  laid  and  the  tubbing- 
joined  up  in  short  lengths,  so  as  to  lay  open  as  few  fissures  as  possible 
to  bring  in  the  water.  At  this  depth  the  limit  of  the  pumps  was 
reached  and  two  more  were  procured,  making  a  total  of  eight.  They 
were  then  re-arranged,  two  being  placed  in  the  bottom  of  each  shaft 
delivering  into  a  cistern  fixed  70  yards  from  the  surface,  and  two  lifting 
from  the  cistern  to  the  surface.  These  latter  pumps  were  hung  by  similar 
means  to  the  lowering  ones,  but  the  ropes  were  attached  to  beams  on  the 
surface,  as  shown  in  Fig.  11,  Plate  XXXIV. 

The  sinking  was  continued  by  this  means  until  the  whole  of  the 
feeders  were  stopped  by  tubbing  at  depths  of  131  yards  2  feet  in  No.  1 
shaft  and  123  yards  in  No.  2  shaft. 

The  tubbing  was  continued  to  obtain  a  solid  and  hard  bed,  to  cribs 
laid  at  137  yards  2  feet  in  No.  1  shaft,  and  129  yards  in  No.  2  shaft, 

The  capstan  consists  of  6  drums  connected  to  a  pair  of  13-inches 
cylinder  by  26-inches  stroke  engines  geared  on  the  third  motion  25  to  1. 
These  are  arranged  so  as  to  hang  scaffolds  in  both  shafts  for  putting  in 
the  tubbing,  and  afterwards  bricking.  The  pump  ropes  were  provided  with 
couplings  to  attach  to  the  capstan  ropes,  and  were  changed  as  required. 

Eight  Lancashire  boilers,  30  feet  by  7  feet  6  inches,  were  required  to 
provide  steam  for  all  purposes,  which  included  two  pairs  of  24-inches 
cylinder  by  4  8 -inches  stroke  sinking  engines,  three  steam  winches,  one 
16-inches  cylinder  by  42-inches  stroke  fan  engine,  which  also  drives  an 
electric  dynamo  for  lighting,  mortar  mill,  shop  engine,  &c.  These 
boilers  were  worked  at  a  pressure  of  80  lbs.  per  square  inch. 

It  will  bg  noticed  that  the  pumps  have  not  been  designed  for  economy 
of  steam,  but  for  the  following  advantages  : — Comparatively  small  first 
cost ;  no  firm,  stable,  or  expensive  foundation  required  ;  taking  up  little 
room  in  the  shaft  ;  working  independently  of  each  other  ;  requiring  no 
staying  in  the  shaft ;  having  few  working  parts,  and  these  of  simple  con- 
struction ;  easily  repaired  in  case  of  accident ;  easily  controlled  from  the 
surface;  capability  of  working  in  case  of  submersion  and  with  \\v\  steam  ; 
easily  raised  or  lowered  ;  and  they  can  be  tied  out  of  the  perpendicular,  a 
great  advantage  in  putting  in  tubbing,  etc. 

All  these  points  were  practically  proved  to  have  been  attained  in  a 
degree  beyond  anticipation,  and,  as  before  stated,  the  quantity  of  water 
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lifted  was  far  in  excess  of  the  calculated  capacity,  and  after  experience  of 
the  method,  the  author  is  very  much  prejudiced  in  its  favour  over  the 
older  form  of  hanging  heavy  lifts,  for  sinking  shafts  where  pnmping  is 
necessary,  and  this  opinion  has  been  confirmed  by  many  eminent  and 
experienced  engineers  who  have  visited  the  works. 

The  writer  simply  hopes  that  this  record  of  the  operations  carried  on 
through  a  great  depth  of  very  had  ground,  with  a  considerable  amount  of 
water  to  contend  with,  may  be  of  some  service  to  those  who  in  the  future 
may  have  to  face  a  similar  task. 


The  President  said  he  was  sure  they  were  much  obliged  to  Mr. 
Chambers  for  this  paper.  A  great  deal  of  time  and  trouble  must  have 
been  spent  in  preparing  the  figures  and  stating  them  so  concisely.  It  was 
a  paper  for  which  the  Institute  should  be  much  obliged  to  Mr.  Chambers, 
and  he  (the  President)  hoped  his  example  would  be  followed  by  other 
members — that  whenever  difficulties  were  met  with  in  pit  sinking  or  coal 
workings,  members  would  bring  the  results  of  their  efforts  before  the 
Institute  in  the  form  of  a  paper. 

Mr.  J.  Gerhard  said  lie  had  great  pleasure  in  proposing  that  their 
best  thanks  be  given  to  Mr.  Chambers  lor  his  valuable  contribution. 

Mr.  H.  B.  Nash  said  he  hail  great  pleasure  in  seconding  the  proposi- 
tion, which  was  carried. 

Mr.  A.  Lupton  said  he  understood  that  the  pump  delivered  on  the 
down  stroke  ? 

The  PRESIDENT — Both  down  and  up. 

Mr.  LUPTON — Will  some  gentleman  explain  how  that  is? 

Mr.  Nevin  said  it  was  on  the  principle  ot  the  Armstrong  pump,  where 
the  ram  was  aboul  half  the  area  of  the  piston.  The  area  of  the  two  upper 
rams  was  practically  half  that  of  the  lower  ram,  hut  not  exactly,  because 
something  was  allowed  for  balancing  the  pump,  though  practically  tin 
area  of  the  two  upper  rams  was  about  half  that-  of  the  lowt  r. 

The  President  said  it  musl  he  understood  that  anything  Baid  bj  anj 
members  in  explaining  the  paper  should  not  preveni  Mr.  Chambers  putting 
them  right  if  they  should  happen  to  he  wrong. 
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DISCUSSION  ON  MR.  T.  W.  II.  MITCHELL'S  PAPER  ON 
"A  SHORT  DESCRIPTION  OF  THE  UNDERGROUND 
SYSTEM  OF  HAULAGE  AT  MITCHELL  MAIN  COL- 
LIERY." 

The  President  said  there  were  two  more  papers  on  haulage  promised 
for  the  joint  meeting  at  Sheffield,  and  it  was  suggested  that  the  discussion 
should  be  adjourned  till  that  meeting. 

Mr.  Hedley  proposed,  and  Mr.  J.  E.  Chambers  seconded,  that  the 
discussion  should  be  adjourned. 

The  motion  was  carried. 


A  PORTABLE  ELECTRIC  LAMP. 

Mr.  A.  W.  Bennett  produced  again  an  electric  safety-lamp,  which  he 
now  had  properly  charged  for  use.  He  had  brought  two  ordinary  safety- 
lamps,  one  burning  the  oil  commonly  used  in  pits,  and  the  other  paraffin 
oil,  for  purposes  of  comparison.  The  room  being  darkened,  the  lamps  were 
placed  on  the  table  at  equal  heights,  and  their  illuminating  power  tested 
by  the  shadows.  When  the  lamps  were  placed  two  feet  apart  the 
shadows  cast  by  a  pencil  placed  between  them  was  equal  on  both  sides 
when  the  pencil  was  12^  inches  distant  from  the  electric  lamp  and  11^ 
inches  from  the  oil  lamp,  and  again  at  12^  inches  from  the  electric  lamp, 
and  llf  inches  from  the  paraffin  lamp. 

Mr.  Bennett  said  he  claimed  the  lights  were  equal  measured  in  that 
way,  but  in  the  pit  the  electric  light  was  much  more  penetrating.  They 
would  see  better  by  it  in  the  pit. 

The  President — There  was  one  difficulty  because  the  electric  lamp 
showed  light  only  in  one  direction. 

Mr.  Bennett  said  it  could  be  made  to  show  light  all  round,  and  he 
showed  how  this  was  done.  Compared  with  the  other  lamps  in  this  way 
the  results  were  practically  the  same.  Mr.  Bennett  said  the  whiteness 
of  the  electric  light  caused  it  to  give  the  best  results  in  the  pit. 

The  President  said  a  white  light  did  not  shed  the  light  so  far  as  sun- 
light, which'  was  a  little  yellow.  He  had  seen  that  tested  over  and  over 
again. 

Mr.  Bennett — It  will  penetrate  coal-dust  to  a  greater  distance. 

Mr.  Lupton  asked  if  the  electric  lamp  was  supplied  by  a  primary 
battery  ? 

Mr.  Bennett — Yes. 

Mr.  Lupton— How  long  will  it  go  when  charged  ? 
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.Mr.  Bennett — Twelve  hours  of  full  light,  and  after  that  it  takes 
about  three  hours  to  run  down  to  redness.  The  life  of  the  lamp  was  six 
or  seven  years  for  ten  hours  a  day.  He  had  not  had  the  opportunity  of 
testing  this,  hut  the  inventor  claimed  the  lamp  would  stand  five  or  six 
years  before  it  would  be  destroyed,  because  the  current  was  managed  bo 
steadily  that  ii  did  not  disintegrate  the  filamenl  of  the  lamp.  The  life 
of  the  filament  depended  very  much  upon  the  variations  of  temperature 
to  which  it  was  subjected.  The  cost  of  the  lamp  would  he  3d.  or  Id. 
a  week  of  six  days,  for  ten  hours  a  day.  Renewals  and  zinc  were  not 
included  in  that.  The  inventor  claimed  that-  the  cost  of  renewing  the 
lamp  was  practically  nothing,  as  a  shilling  lamp  would  last  five  or  six 
years. 

Mr.  NASH — That  may  be  his  idea,  but  if  he  had  it  in  a  pit  he  might 
not  find  it  so. 

Mr.  J.  E.  Chamkkrs — What  is  the  weight  of  the  lamp  complete  ? 

Mr.  Bennett — -tf  lbs.  complete:  1  j  ll>s.  without  the  zinc ;  3^  lbs. 
without  the  liquid. 

Mr.  Lupton — What  are  the  elements  of  the  battery  ? 

Mr.  Bennett — Carbon,  zinc,  and  a  special  solution. 

Mr.  GrERRARD  said  he  thought  the  weight  would  not  be  an  objection, 

The  President  said  they  were  much  obliged  to  Mr.  Bennett  for 
exhibiting  the  lamp,  and  ought  to  thank  him.  He  claimed  it  would  give 
them  in  the  pit  what  the  safety-lamp  gave  them,  and  he  (the  President) 
thought  that  had  been  demonstrated.  It  was  a  question  now  of  how  long 
the  light  would  last,  what  was  the  cost  of  repairing  the  lamp,  and  what 
was  the  first  co- 1. 

Mr.  GERRARD — And  as  regards  security  of  lighting. 

Mr.  Bennett  understood  that  large  numbers  of  the  lamps  had  been 
broken  actually  in  a  gaseous  mixture  in  a  mine  with  impunity. 

Mr.  GERRARD — That  is  too  absurd. 

Mr.  Bennett — The  inventor  assured  me  that  he  had  done  that. 

The  President — It  would  be  only  another  naked  light. 

Mr.  .1.  E.  Chambers— Would  it  keep  alight  if  it  was  broken  ? 

Mr.  Bennett — KFo,  it  would  go  out.    The  first  cost  was  about  12s. 

Renewals  would   not    he  a  serious  item.      Ahout    Id.  or  5d.  a  Week  should 
maintain  one  lamp. 

Mr.  Lupton  seconded  the  vote  of  thanks,  which  was  carried,  and 
acknowledged  by  Mr.  Bennett. 
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CHESTERFIELD  AND   MIDLAND   COUNTIES  INSTITUTION 
OF  ENGINEERS 

AND 

MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


JOINT    MEETING, 
Held  at  the  Royal  Victoria  Hotel,  Sheffield,  May  3rd,  1892. 


Mr.  J.  A.  LONGDEN  in  the  Chair. 


VISITS  TO  THE  ALDWARKE  MAIN  COLLIERIES*  AND  THE 
THRYBERGH  HALLf  AND  WARREN  VALE  COLLIERIES.  J 

The  Chairman  said  he  thought  an  apology  was  due  from  him  for 
holding  the  position  of  chairman  that  day.  They  were  on  the  ground  of 
the  Midland  Institute,  their  President  ought  to  be  in  the  chair,  but  Mr. 
Mitchell  was  leaving  for  America  on  the  following  morning,  and  had  asked 
him  to  preside.  The  papers  they  had  before  them  to-day  were  all  on  the 
subject  of  underground  haulage.  Some  of  the  members  had  been  to 
Aldwarke  Main,  others  to  Thrybergh  and  Kilnhurst.  He  had  unfortunately 
not  been  able  to  see  the  two  systems  of  underground  haulage  at  either 
place,  but  no  doubt  those  who  had  would  be  able  to  tell  the  members  what 
interested  them,  and  what  struck  them  as  new  and  worthy  of  record. 
Mr.  Phillips  would  read  his  paper  on  "  Underground  Haulage  by  Endless- 
rope  at  Ansley  Hall  Colliery,"  and  afterwards  they  would  consider 
the  whole  question  of  underground  haulage  in  use  at  Ansley  Hall,  Ald- 
warke, Thrybergh  Hall,  and  Kilnhurst  Collieries,  and  also  Mr.  Mitchell's 
paper,  which  had  already  been  published  in  the  Transactions  of  the 
Federated  Institution  of  Mining  Engineers  § 

Mr.  W.  G.  Phillips  then  read  his  paper.     (See  page  65.) 
The  Chairman  said  he  did  not  think  it  necessary  to  read  the  short 
papers  on  the  collieries  visited.     As  he  said  before,  he  was  under  a  disad- 
vantage, in  not  having  seen  the  haulage  systems  they  had  so  recently 

*See  page  61.    fSee  page  62.     J  See  page  64. 
§  See  Transactions  of  the  Federated  Institution  of  Mining  Engineers,  vol.  iii., 

page  147. 
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inspected,  but  he  had  some  experience  in  hauling  by  ropes,  and  several 
things  had  occurred  to  him.  One  of  these  was — how  was  the  rope 
conducted  down  the  shaft?  It  was  usually  conveyed  in  boxing.  He 
would  like  to  ask  the  writers  of  some  of  the  papers  if  they  did  not  find 
that  the  friction  of  the  rope  on  the  boxing  wore  the  wood  through,  and 
whether  they  had  not  found  the  rope  coming  out  of  the  boxing  and 
"  kinking"  in  the  shaft,  and  possibly  getting  entangled  with  the  running 
chair?  Another  drawback  was  that  tbey  might  get  slack  rope  at  the 
pit  bottom,  which  would  become  a  regular  snarl  at  the  guide-pulley  wheel. 
These  difficulties  were  not  visionary,  but  had  occurred  with  ropes  in  shafts. 
He  took  these  things  into  careful  consideration  before  he  incurred  at 
Pleasley  the  expense  of  generating  electricity  on  the  top  and  conveying 
the  current  to  the  pit  bottom,  and  by  means  of  motors  in  the  mine  hauling 
the  coals  by  endless-rope  in  the  usual  way  to  the  shaft.  As  to  the  relative 
merits  of  the  various  haulage-systems,  that  was  gone  into  many  years  ago 
by  the  Xorth  of  England  Institute  of  Mining  and  Mechanical  Engineers. 
He  believed  a  gentleman,  whom  he  might  call  a  Sheffield  man,  who  had 
lived  there  more  than  twenty-one  years — Mr.  Emerson  Bainbridge — 
drew  up  that  report,  which  was  one  of  his  first  works,  and  brought 
his  name  conspicuously  before  the  public.  The  result  of  their  enquiries 
was  that  the  endless-chain  was  the  best  system  of  haulage.  He 
did  not  think  Mr.  Bainbridge  would  say  that  his  opinion  coincided 
with  that  view  to-day.  His  impression  was  that  he  would  agree  sub- 
stantially with  the  opinions  expressed  in  those  papers,  and  consider  the 
endless-rope  to  be  the  best  method  of  haulage.  At  the  same  time,  under 
some  conditions,  such  as  steepness  in  a  mine,  bad  roof,  and  lifting 
floor,  the  endless-rope  might  be  impracticable,  and  he  therefore  thought 
they  could  not  accept  any  one  system  as  the  best  in  every  case  for 
hauling  coals  underground.  There  were  a  large  number  of  members 
present  able  to  express  a  practical  opinion  on  the  subject,  and  he  hoped 
there  would  be  a  good  discussion  on  what  was  a  very  interesting  and  im- 
portant subject. 

Mr.  A.  G.  Barnes  (Grassmoor  Collieries)  asked  whether  the  writer 
had  found  it  best  to  have  at  the  end  of  the  haulage  a  pulley-wheel  fixed 
tight  or  a  trolley  running  on  wheels,  and  which  in  his  opinion  and 
experience  did  he  consider  the  best?  They  at  Grassmoor,  in  the  first 
instance,  tried  a  pulley  fixed  so  that  the  rope  was  tightened  by  means 
of  a  running  trolley.  Xow,  they  had  adopted  the  principle  of  fixing 
the  tail-end  quite  tight  by  putting  a  tightening  pulley  at  the  far  end. 
He  saw  that  the  writer  used  ropes  made  of  the  best  available  crucible 
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steel,  and  that  the  life  of  the  rope  was  only  two  years,  which  seemed 
to  him  a  very  short  time  indeed,  considering  that  the  total  weight  of 
coal  hauled  was  only  480  tons  in  8  hours  20  minutes.  To  his  mind  a 
rope  doing  that  amount  of  work,  but  made  of  better  material,  ought 
to  last  six  or  seven  years.  The  cost  of  laying  such  a  rope  was  very 
considerable,  and  the  taking  out  of  the  old  one  was  very  expensive, 
not  to  mention  the  delay  through  the  removal  if  they  were  working  full 
time.  Such  work  could  only  be  done  from  Saturday  until  Monday 
morning.  From  the  fact  that  both  ropes  were  oiled  as  they  were  run- 
ning out  he  concluded  that  there  was  a  considerable  amount  of  water 
to  contend  with  ;  but  if  there  was  not  water  in  the  roads  he  could 
not  see  the  object  of  oiling  the  ropes.  He  might  say  that  in  the  case  of 
the  haulage  at  Grassmoor  it  was  laid  down  by  himself  in  conjunction  with 
the  advice  of  Mr.  Fisher,  of  Clifton  Colliery;  several  points  might  be 
improved,  but  it  had  worked  very  successfully.  He  had  not  worked 
out  the  cost  per  ton.  Motion  was  transmitted  by  means  of  two  com- 
pressed-air engines  at  the  bottom  of  the  shaft.  He  might  say  also 
that  they  had  a  system  of  electrical  signals  by  which  they  signalled  a 
distance  of  over  a  mile,  and  found  no  difficulty  whatever. 

Mr.  Phillips  said  they  did  not  box  the  rope  at  all,  but  steadied  it  in 
the  shaft  by  means  of  two  sets  of  stays.  They  stopped  the  rope  whilst 
drawing  the  men.  With  regard  to  slack  rope  accumulating  at  the  pit 
bottom,  he  had  had  no  such  occurrence,  nor  did  he  see  that  it  was 
possible,  except  under  circumstances  which  were  very  improbable.  As  to 
the  tail  end,  he  certainly  found  a  moving  tension  weight  better  than  a 
fixed  tail  wheel.  The  oiling  was  not  on  account  of  the  water.  The 
roads  were  perfectly  dry,  but,  as  shown  in  Fig.  1,  Plate  LVIIL,  there  were 
two  heavy  curves,  and  the  friction  was  reduced  very  considerably  by 
oiling.  These  curves  interfered  very  much  with  the  life  of  the  rope. 
As  to  the  removal  of  the  rope,  they  did  not  find  it  a  long  or  expensive 
job.  They  could  change  the  rope  very  comfortably  indeed  in  three  hours, 
with  the  exception  of  splicing. 

Mr.  W.  Hoole  Chambers  (Thorncliffe  Colliery)  said  he  had  never 
experienced  an  accumulation  of  rope,  and  he  could  not  see  how  with  an 
endless-rope  any  such  accumulation  could  take  place.  They  had  the  end- 
less rope  passing  round  the  drum  of  the  engine  at  one  extremity  and 
round  a  pulley  at  the  other.  They  had  been  working  an  endless-rope  for 
a  considerable  number  of  years,  and  had  never  had  any  such  accumula- 
tion. If  they  had  a  main-rope  working,  or  a  tail-rope  even,  such  circum- 
stances might  happen,  but  not  with  an  endless-rope.      Their  ropes  were 
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boxed  (which  was  the  usual  plan)  and  they  had  never  had  the  slightest 
accident,  nor  had  the  wearing  out  of  the  boxing  occurred  with  them. 
The  rope  passed  round  a  G-feet  wheel  at  the  top  and  a  similar  wheel  at 
the  bottom.  The  line  was  perfectly  straight.  If  there  were  any  possi- 
bility of  the  rope  getting  fast  they  had  an  incline  starting  away  from  the 
bottom  of  the  pit,  and  the  tubs  going  down  the  incline  would  pull  out  any 
slack  rope  that  possibly  might  occur  at  the  bottom.  In  reference  to  the 
question  of  pulleys  at  the  end  of  the  ropes  being  fast  or  loose  when 
passing  along  levels,  they  always  provided,  when  they  had  a  level  of  any 
great  length,  a  means  at  the  other  end  of  taking  up  the  rope  in  addition 
to  the  travelling  carriage  at  the  driving  end.  He  noticed  in  the  paper 
that  had  been  read  they  had  some  information  given  to  them  in  reference 
to  the  amount  of  labour  expended  on  the  rope.  He  had  one  question  to 
ask  on  that  subject.  There  appeared  to  be  one  engineman,  one  man  at 
the  bottom  of  the  incline,  two  men  passing  along  the  rope  to  see  to  the 
working,  and  two  youths  at  the  further  end.  He  would  like  to  ask  how 
the  corves  which  came  from  the  jigs  were  attached  to  the  rope?  It 
appeared  as  if  some  labour  must  thus  be  expended  that  would  rather 
increase  the  cost  of  haulage  to  the  pit  bottom.  The  question  of  rope 
haulage  in  reference  to  electricity  was  comparatively  in  its  infancy  at 
the  present  time,  and  no  definite  expression  of  opinion  could  be  safely 
hazarded,  but  at  the  same  time  he  had  read  a  paper  by  Mr.  AVardle  in 
reference  to  this  subject  of  electric  haulage  at  "West  Cannock  with 
very  considerable  interest.*  One  question  was  of  most  vital  import- 
ance in  this  district  in  connexion  with  the  subject  of  electric  haulage, 
and  that  was  the  question  of  sparking.  They  had  in  South  Yorkshire 
seams  of  coal  liable  to  outbursts  of  gas,  which  rendered  collieries  totally 
unsafe  with  anything  approaching  a  naked  light,  and  before  they  could 
put  down  any  system  of  electric  haulage  they  would  require  to  be 
perfectly  satisfied  that  there  was  no  possibility  of  any  explosion  occurring 
from  the  adoption  of  that  mode  of  applying  power.  This  was  a  matter 
of  the  utmost  importance  in  South  Yorkshire.  At  their  own  collieries 
working  the  Silkstone  Seam  there  had  been  an  occasion  when  through  a 
perfect  system  of  ventilation  there  was  not  the  slightest  trace  of  gag 
when  a  naked  candle  could  have  been  taken  from  one  end  of  the  colliery 
to  the  other,  and  immediately  afterwards  such  an  influx  of  gas  occurred 
as  to  completely  baffle  any  amount  of  ventilation  ;  gas  had  even  travelled 
to  within  30  yards  of  the  downcast  pit  against  a  current  of  over  35,000 
cubic  feet  per  minute.     The  question  of  sparking  was  one  fatal  objection 

*  Sc^  Transaction*  of  the  Federated  Institution  of  Mining  Engineers,  vol.  iii., 

page  186. 
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to  the  adoption  of  electricity  for  pumping  or  haulage.  Comparing  elec- 
tricity with  compressed  air,  electric  haulage  had  been  proved  to  be  the 
cheaper,  but  until  the  conditions  he  had  named  had  been  fulfilled  and 
proved  thoroughly  satisfactory  to  the  mining  engineer,  it  was  impossible 
for  them  to  adopt  it.  He  had  had  no  opportunity  of  visiting  Aldwarke 
Main  or  Thrybergh  that  day.  He  would,  if  he  could,  have  been  most 
happy  to  have  done  so,  but,  as  far  as  his  own  experience  was  concerned, 
he  very  much  preferred  the  endless-rope  as  a  means  of  haulage.  To  his 
mind  the  endless-rope  at  the  top  of  the  tubs  was  preferable  to  underneath. 
His  experience  was  that  when  they  had  the  rope  at  the  top  they  could 
deal  with  the  curves  and  undulations  of  the  roadway  much  more  satisfac- 
torily than  if  it  was  underneath.  He  had  intended  to  present  some 
statistics  to  that  meeting,  but  unfortunately  had  not  been  able  to  com- 
plete them ;  he  hoped  to  do  so  at  their  next  meeting.  These  statistics 
would  show  the  results  attained  in  the  various  collieries  at  Thorncliffe 
and  Tankersley,  and  the  reasons  which  led  to  the  adoption  of  the 
principle  they  acted  upon  in  reference  to  coal  haulage. 

The  Chairman  said  they  had  all  been  pleased  to  hear  Mr.  Chambers' 
remarks.  He  would  like  to  ask  Mr.  Mitchell  one  question.  "Why  was 
the  rope  carried  on  the  top  of  the  tubs  in  preference  to  underneath  ? 
Was  there  not  a  danger  of  the  rope  pulling  the  coals  off,  and  thus  causing 
delay  and  accidents  ? 

Mr.  Phillips  (Ansley  Hall)  said  with  regard  to  the  putting  on  and 
taking  off  the  level  rope  by  the  hangers-on  at  the  bottom  of  the  gate-roads, 
that  these  youths  were  paid  by  the  stallmen,  and  it  was  part  of  their  duty 
to  arrange  the  journeys  and  attend  to  the  coupling  of  the  tubs  with  horse 
haulage.  This  work  was  considerably  reduced  with  their  rope-haulage, 
but  he  did  not  consider  it  an  item  of  cost  against  either  system  of  haulage. 

Mr.  T.  W.  H.  Mitchell  (Barnsley)  said,  with  reference  to  the  rope 
being  carried  at  the  top  of  the  tub,  they  were  of  the  same  opinion  as 
Mr.  Chambers — that  they  would  be  better  able  to  get  round  the  corners 
with  the  rope  at  the  top,  and  there  would  be  less  liability  of  slack  rope  at 
the  bottom  of  the  shaft.  The  whole  weight  of  the  rope  kept  the  rope 
tight  in  the  pulleys.  The  "jack  catches"  and  " tommy-off-the-roads " 
were  put  in  so  that  if  a  chain  broke  they  could  stop  the  tubs  running 
back.  Under  their  old  system  they  got  44  to  45  scores  of  corves  up  the 
inclined  plane  per  day.  When  they  first  started  their  present  system 
they  got  77  scores,  and  had  had  100  scores  since  then,  and  that  was  up 
one  incline.  These  facts  spoke  for  themselves  and  proved  the  great  benefit 
derived  from  endless-rope  haulage  as  compared  with  their  previous  process 
of  main-rope  running  at  a  very  high  speed. 
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Mr.  John  Gerrard  (H.M.  Inspector  of  Mines)  said  Mr.  Longden 
had  alluded  to  Mr.  Mitchell's  paper  and  to  the  ropes  being  carried  over 
the  tubs.  This  arrangement  unquestionably  had  the  advantage  of  less 
wear  and  tear  of  the  ropes,  and  all  the  wheels  and  appliances  being  above 
ground  were  open  to  examination  and  repair  very  readily.  On  the  other 
hand  the  disadvantage,  where  tubs  were  heaped  up  with  coal,  of  coals  being 
pulled  off  on  to  the  rails  must  be  considered.  Having  now  before  the 
meeting  the  haulage  systems  of  four  collieries  under  review,  where  the 
ropes  pass  over  and  under  the  tubs,  he  should  very  much  like  to  hear  the 
various  considerations  which  had  led  to  the  adoption  of  one  or  the  other 
arrangement. 

Mr.  W.  D.  Holford  (Old  Whittington)  asked  if  with  such  steep 
gradients  as  Mr.  Phillips  had  in  his  mines  (about  1  in  2)  the  hooks 
and  couplings  did  not  often  fail,  and  if  a  tub  broke  loose  did  the  monkeys 
or  catches  prevent  the  runaway  tub  smashing  into  the  next  one  and 
causing  a  general  break  up?  And  incase  the  monkeys  did  retain  the 
runaway  tub,  how  was  it  picked  up  by  the  next  one,  the  rope  being 
in  motion  all  the  while?  Several  of  his  friends  working  steep  mines  had 
abandoned  the  idea  of  adopting  the  endless-rope  system  from  fear  of  such 
results. 

Mr.  Phillips  said  they  had  had  cases  of  clips  failing  through  the 
regulating  bolt  happening  to  strip.  But  the  members  would  see  from  the 
paper,  they  had  "monkeys"  or  back-catches  placed  every  10  yards,  which 
prevented  any  tub  going  back  farther  than  that.  They  had  a  case  of  a 
heavy  tub  of  dirt  running  back  from  this  cause  by  a  bolt  stripping  a 
fortnight  ago,  but  it  was  upset  at  the  first  monkey.  As  to  Mr.  Gemini's 
remark,  one  of  his  objections  to  running  the  rope  at  the  top  of  the  tubs 
was  that  it  interfered  much  with  the  loading,  and  if  the  tubs  were  loaded 
high  it  would  disarrange  the  coals  and  tumble  them  into  the  road. 

Mr.  A.  G.  BARNES  said  they  had  an  incline  of  1  in  10,  and  had 
had  considerable  trouble  with  clips  (Fisher)  slipping  and  the  tubs  running 
away.  It-  was  found  that  the  whole  secret  lay  in  the  fact  that  the  rope 
had  a  hemp  core,  in  consequence  of  which  the  rope  gradually  diminished 
in  diameter;  the- clips  slipped,  through  their  being  too  large  for  the  rope. 
It  was  intended  that  the  haulage  rope  should  have  a  wire  core,  bul 
through  a  mistake  in  ordering,  one  with  a  hemp  core  was  sent;  hence 
all  the  trouble. 

Mr.  W.  H.  Chambers  stud  they  used  no  clips,  but  a  chain  10-fect 
long  instead,  which  was  passed  two  or  three  times,  sometimes  four  times. 
round  the  rope.  Tiny  had  an  incline  of  1  in  5,  and  tubs  travelling  up 
and  down  that  very  seldom   slipped.     The  chain  was  very  simple.     A 
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ring  at  one  end  passed  into  the  hook  of  the  tub.  There  was  a  hook  at 
the  other  end  of  the  chain.  The  chain  was,  after  being  passed  round 
the  rope,  dropped  on  to  the  hook,  and  the  more  weight  there  was  on  the 
chain  the  tighter  the  grip.     It,  moreover,  did  not  damage  the  rope  at  all. 

The  Chairman — You  cannot  couple  with  the  chains  without  having 
the  rope  on  the  top  of  the  tubs.     That  is  a  sine  qua  non. 

Mr.  Chambers — Certainly  not.     The  rope  must  be  at  the  top. 

The  Chairman  said  if  they  decided  to  couple  with  chains  they  at 
the  same  time  decided  the  question  as  to  whether  the  rope  was  to  be  on 
the  top  of  the  tub  or  underneath.  At  Teversal  they  had  had  a  rather 
curious  experience  in  haulage.  The  road  inclined  towards  the  pit  bottom, 
and  consequently  the  load  came  with  the  rope,  and  their  difficulty  was 
to  prevent  the  loaded  tubs  from  running  into  the  pit.  They  had  long 
trains  of  twenty-five  tubs  carrying  12  cwts.  of  coal  each.  Quite  recently 
one  of  their  mechanics  had  invented  a  clip,  which  he  believed  was  being 
patented,  that  was  very  strong  and  more  efficient  than  anything  he  had 
seen.  He  had  tried  five  kinds  of  clips  and  none  were  of  the  slightest 
use  for  their  particular  purposes.  They  had  to  "  locker "  the  wheels, 
which  meant  a  very  serious  wearing  of  rails  and  wheels.  He  thought 
the  new  clip  would  be  a  good  thing.  At  some  future  meeting  he  would 
be  glad  to  show  it  to  the  members.  He  would  like  to  say  in  reference 
to  the  discussion  on  Mr.  Mitchell's  paper  and  what  had  been  said  about 
sparking  where  electricity  was  used,  he  thought  that  difficulty  was 
now  solved,  and  he  was  sure  they  would  be  glad  to  hear  what  Mr.  Stokes 
had  to  say,  as  he  had  given  much  personal  consideration  to  the  subject. 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines)  said  the  systems  of 
underground  haulage  appeared  to  have  been  undergoing  a  complete 
change.  They  had  recently  had  some  very  valuable  papers  with  equally 
valuable  discussions,  and  from  such  papers  and  discussions  many 
members  would  be  able  to  take  advantage  of  other  persons'  failures  or 
successes.  Some  years  ago  compressed  air  was  much  thought  of,  but 
nowadays  he  did  not  hear  anyone  advocate  the  use  of  compressed  air,  for 
33  per  cent,  of  available  power  was  not  good  enough,  and  the  expensive 
plant  for  compressed  air  was  a  serious  item.  Formerly  the  system  of 
taking  boilers  down  the  pit  was  practised,  but  he  hoped  now  for  ever 
abandoned.  There  was  also  the  system  of  taking  steam  down  from  the 
surface,  which,  especially  in  deep  pits,  had  its  objections ;  and  at  the 
present  time  the  best  haulage  appeared  to  be  that  in  which  the  engine  was 
fixed  on  the  surface  and  the  driving-rope  (not  the  hauling-rope)  taken 
down  the  shaft,  running  perhaps  three  or  four  times  faster  than  the  haul- 
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Lng-rope.  The  haulage-rope  should  entirely  run  in  the  mine  and  not 
I  the  shaft.  The  engine  at  the  surface  should  transmit  motion  by 
a  light  rope,  from  the  surface  to  a  pulley  or  driving-wheel  in  the  mine 
and  the  latter  he  geared  to  the  hauling  machinery.  In  the  Derbyshire 
district  such  a  system  of  conveying  power  and  haulage  appeared  to 
be  very  successfully  worked.  The  rope  was  not  boxed  but  hung  loose  in 
the  shaft.  As  regarded  the  clip  he  was  sorry  to  say  he  could  not  approve 
of  Mr.  Phillips1  clip.  The  handle  was  too  long,  and  it  protruded  in  front 
in  such  a  way  that  if  a  lump  of  coal  or  a  "monkey"  caught  it,  or  even  a 
roller,  it  might  liberate  the  clip  and  let  the  tub  go  free.  Unfortunately 
within  the  last  six  months  such  an  accident  had  occurred,  and  the  result 
of  the  tub  running  back  was  that  it  killed  a  man.  lie  was  pleased  to 
say  that  this  handle  would  probably  be  abandoned,  for  the  inventor  of  the 
clip  had  arranged  to  do  away  with  the  handle  and  to  attach  or  unfasten 
the  clip  by  means  of  a  loose  handle,  and  were  this  done  the  danger  would 
be  obviated  and  the  safety  of  the  clip  considerably  increased.  A  farther 
system  of  affixing  the  rope  to  the  tubs  had  not  been  mentioned,  and  that 
was  by  a  "lug"  or  hook  on  the  side  of  the  tubs,  hence  there  were  three 
methods,  under,  over,  and  at  the  side.  In  the  latter  system  the  rope  was 
caught  at  the  side  in  something  like  a  V-clip.  He  did  not  know  the 
advantage  of  either  of  the  methods,  but  probably  individual  opinion  and 
the  nature  of  the  roadway  would  materially  influence  the  selection. 
With  regard  to  signalling  he  had  not  heard  anyone  speak  on  the  sub- 
ject, but  would  like  to  refer  to  it,  for  all  haulage  must  be  accompanied 
by  signalling.  He  believed  the  signals  of  the  future  would  be  electric, 
and  that  the  old  bell-pull  would  be  abandoned.  When  tiny  had  electric 
signals  they  had  also  a  means  of  communication  along  the  whole  length 
of  wires.  He  was  in  a  mine  last  week,  and  when  about  f  of  a  mile  from 
the  pit  bottom  the  manager  said  to  him,  "Would  you  like  to  speak  to  the 
engineman  on  the  surface?"  "Certainly,"  he  said.  They  rang  10,  which 
meant  "throw  the  battery  off,"  and  then  the  manager  pulled  out  of  his 
pocket  a  telephone,  a  little  larger  than  a  watch,  with  two  short  wires 
attached.  He  coupled  the  two  wires  to  the  electric  signal  wires  and  there 
was  a  complete  telephone.  He  spoke  to  the  engineman, and  asked  him  a 
few  questions.  The  engineman  had  a  similar  instrument  to  the  one  he 
had  used.  By  this  means  one  could  communicate  with  any  official  or 
person  in  the  mine  or  via  versa  along  the  route  of  the  electric  wires.  In 
this  mine  when  an  accident  occured  they  knew  about  it  at  the  top  within 
a  few  minutes  of  its  occurrence  and  had  the  ambulance  ready  before  the 
injured  man  was  brought  up  the  shaft.     Directly  an  accident  occurred  the 
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news  was  telephoned  to  the  top,  and  in  some  cases  could  be  in  the  office  even 
before  the  man  had  been  removed  from  where  he  was  injured.  It  was 
also  useful  as  a  means  of  communication  for  the  officials  of  the  mine. 
The  Chairman  had  alluded  to  electric  motors  and  to  sparking.  This 
had  been  the  bugbear  to  the  adoption  of  electricity  ;  he  thought,  however, 
that  it  had  now  been  got  over.  There  were  motors  now  made  which,  he 
believed,  would  be  found  perfectly  safe  under  any  conditions  or  circum- 
stances likely  to  arise  in  a  mine  and  under  the  conditions  mentioned 
by  Mr.  Chambers.  Instead  of  the  commutators  and  the  brushes  being 
outside  where  the  sparks  were  exposed  to  the  atmosphere,  notwithstanding 
their  being  covered  over  with  a  box  or  sheet,  the  newT  description  of  motor 
was  made  hollow.  The  brushes  were  inside  the  motor  itself,  and  as  safe 
as  a  safety-lamp,  in  fact  safer,  because  the  motor  was  not  so  liable  to  get 
damaged  as  the  glass  of  a  safety-lamp.  It  was  an  important  claim  for 
this  motor  that  the  brushes  and  commutators  were  so  placed  that  the 
motor  could  not  be  run  untd  they  were  securely  closed  with  a  flame-tight 
joint  which  could  not  be  opened  when  running.  It  was  as  if  he  said  you 
could  not  light  a  safety-lamp  until  it  was  closed  and  coidd  not  open  it 
whilst  it  wras  lighted.  Such  a  motor  the  Chairman  knew  by  practical 
experience ;  for  he  was  connected  with  a  colliery  where  one  of  the  new 
motors  was  at  work  pumping  water  and  in  a  mine  worked  with  locked 
safety-lamps ;  and  so  far  as  he  (Mr.  Stokes)  knew  it  was  a  success.  As 
a  test  the  motor  was  made  to  spark  badly,  and  run  in  a  box  full  of  gas  for 
half  an  hour  and  there  was  no  explosion  or  firing  of  the  outside  gas.  But 
as  it  might  have  been  assumed  that  the  sparking  would  not  fire  the  gas 
whilst  the  motor  was  running,  a  small  hole  was  cut  through  the  mica 
window  to  the  inside  of  the  motor.  The  brushes  had,  he  should  have  said, 
been  made  to  spark  as  much  as  possible,  and  immediately  the  window  was 
cut  out  the  gas  fired.  He  thought  they  would  see  all  the  details  of  such 
a  motor  in  a  paper  now  in  the  hands  of  the  printers,  and  which  would 
shortly  come  before  the  Institute.* 

Mr.  W.  H.  Chambers  said  with  reference  to  the  use  of  the  telephone 
down  the  pit,  he  did  not  see  the  necessity  of  throwing  the  battery  off. 
They  could  use  their  instruments  without  doing  this  at  a  distance  of 
3,000  yards  underground  with  perfect  ease  and  with  the  working  going 
on  in  the  usual  way,  by  an  arrangement  of  currents.  If  they  had  arrived 
at  a  motor  which  would  be  perfectly  safe  without  any  sparking  he  was 
sure  it  would  be  a  very  great  advance,  and  one  they  had  been  looking 
forward  to  for  some  time. 

*See  Transactions  of  the  Federated  institution  of  Mining  Engineers.  voL  iii.. 
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Mr.  George  Spencer  (Ibstock  Colliery")  said,  referring  to  signalling, 
they  had  adopted  the  three-wire  Bystem,  all  three  wires  being  well  insulated. 

and  he  could  by  this  means  telephone  1,500  yards  or  more  underground 
without  switching  off  the  bell-signals.  Be  had  connected  one  of  the 
telephone  wires  with  the  pump  pipe  in  the  engine-plane  forming  the  earth 
connexion,  and  he  used  the  third  wire  of  the  bell-signals  for  completing 
the  circuit.  By  this  means  he  was  able  to  use  the  telephone  without 
interference  by  other  currents  whilst  speaking. 

Mr.  A.  W.  Bennett  (Dynamo  Works,  Leeds)  said  there  were  two 
arrangements  of  telephone — one  for  throwing  the  battery  off  and  one  for 
not  doing  so.  It  was  simply  a  question  as  to  whether  or  not  they  used  an 
extra  wire  or  earth.  If  they  had  only  two  wires  it  was  necessary  to  throw 
the  battery  off. 

Mr.  A.  G.  Barnes  asked  Mr.  Chambers  what  was  the  cost  per 
instrument  ? 

Mr.  W.  II.  Chambers  said  £1  each.  They  had  two  wires  with 
their  telephone,  the  positive  wire,  which  was  constantly  charged  by  the 
battery  while  at  work,  and  the  negative,  which  was  carried  to  the  earth 
at  the  far  end  to  form  an  earth  current  back  to  the  battery.  The  signal- 
ling was  effected  by  connecting  the  positive  wire  to  the  negative  wire. 
The  telephone  they  had  was  the  Ader.  The  patent  had  run  out.  but 
it  was  manufactured  in  this  country  and  in  France.  The  telephone  at 
the  pit  top  was  connected  to  the  negative  wire  on  one  side  and  to  the 
earth  wire  of  the  battery  on  the  other.  The  reason  the  whole  of  the 
current  did  not  come  back  by  this  telephone  to  the  battery  was  that  the 
poles  of  the  magnet  were  wrapped  with  coils  of  Xo.  40  B.W.G.  offering 
so  much  resistance  that  only  a  small  portion  passed  in  this  direction, 
the  othei  portioD  going  forward  and  through  the  telephone  at  the 
bottom  of  the  incline  or  other  terminal  wherever  fixed.  When  the  two 
telephones  were  in  circuit,  sufficient  electricity  passed  through  to  enable 
the  signalling  to  lie  carried  on  in  the  usual  way.  Of  course,  every  ring 
of  the  bell  was  heard  on  the  telephone  when  in  circuit,  but  after  over 
six  months'  trial  this  appeared  to  have  no  effect  upon  its  efficiency. 

Mr.  Herbert  Fletcher  (Bolton)  wished  to  draw  the  attention  of 
the  writer  of  the  paper  to  a  point  which  might  affect  the  economy  of  a 
rope-haulage  system,  viz.,  its  adaptability  to  the  speedy  and  safe  convey- 
ance of  the  men  in  large  collieries  that  might  be  affected  by  the  Eight 
Hours  Bill.  Where  the  underground  wages,  which  would  be  affected 
by  the  bill,  were  2s.  8d.  a  ton,  a  saving  of  half  an  hour  in  eight  might 
be  valued  at  2d.  a  ton.  In  laving  out  a  haulage  system  it  would  be 
only  prudent  to  contemplate  a  concession  to  a  further  demand  for  con- 


ALDWARKE    MAIN   COLLIERY.  61 

veyance  in  and  out  where  travelling  was  difficult,  and  the  tail  or  single 
rope  might  have  to  be  added  where  the  endless-rope  was  the  only  system 
in  use.  In  such  a  case  employment  of  both  systems  might  neutralize  any 
advantage  in  working  cost  possessed  by  the  endless-rope.  Independently 
of  the  Eight  Hours  Bill  the  increasing  average  area  of  collieries  must 
increase  the  importance  of  easy  passenger  transit,  and  extensive  collieries 
would  find  themselves  handicapped  if  committed  exclusively  to  the  slow 
but  economical  endless-rope  system. 

Mr.  Phillips  could  scarcely  say  what  the  effect  of  an  Eight  Hours' 
Bill  would  be  on  the  question  of  rope  haulage ;  but  in  their  colliery, 
having  to  take  the  men  so  far  to  their  place  of  work,  they  intended  put- 
ting down  an  additional  pair  of  engines  to  convey  the  men,  and  so  save 
much  loss  of  time. 

The  Chairman  did  not  propose  to  close  the  discussion  and  thought 
probably  they  might  like  the  papers  to  remain  open,  but  as  dinner  was 
fixed  for  five  o'clock  and  they  might  like  to  get  out  of  that  heated  atmos- 
phere for  a  few  minutes  he  would  ask  Mr.  A.  G.  Barnes  to  propose  a 
resolution. 

Mr.  A.  G.  Barnes  had  much  pleasure  in  proposing  that  the  best 
thanks  of  this  meeting  be  given  to  the  proprietors  and  managers  of  the 
Aldwarke  Main  and  the  Thrybergh  Hall  and  Kilnhurst  Collieries  for  their 
kindness  to  the  members  of  this  Institute  that  day.  The  resolution  did 
not  need  words  of  his  ;  although  he  had  not  been  present  that  day,  from 
previous  visits  he  could  testify  to  the  great  amount  of  knowledge  to  be 
gained  by  a  visit  to  these  collieries.  No  doubt  many  things  had  been 
seen  which  would  in  the  future  prove  of  great  use  to  the  visitors. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  Nevin  moved,  and  Mr.  Phillips  seconded,  a  vote  of  thanks  to 
the  Chairman,  which  was  carried  and  duly  acknowledged. 

The  members  dined  together  at  the  Royal  Victoria  Hotel,  Mr.  Longden 
again  presiding. 

The  following  notes  record  some  of  the  features  of  interest  seen  by  the 
visitors  to  the  collieries,  which  were  by  kind  permission  of  the  owners 
open  for  inspection  on  May  3rd,  181)2  : — 
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Parkgate  Pit. 
The  No.  1  haulage  is  on  the  tail  and  main-rope  system.     The  engine 
has  a  ll-inches  cylinder  of  2-feet  6-inches  stroke,  and  is  geared  3  to  1. 
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The  drums  are  each  6-feet  in  diameter  and  13-inchee  tread.  The  main- 
rope  is  1,700-yards  long  and  |-inch  diameter  ;  the  tail-rope  is  3,000- 
yards  long  and  |- -inch  diameter. 

The  No.  2  haulage  is  on  the  endless-rope  system.  The  engine  has  a 
pair  of  22-inches  cylinders,  by  4-feet  stroke,  and  is  geared  3  to  1.  The 
drum  is  7-feet  4-inches  diameter  and  1-foot  3-inches  wide.  The  steel 
rope  is  4,500-yards  long  and  l|-inches  diameter. 

The  No.  3  haulage  is  on  the  main-rope  system.  The  engine  has  two 
24-inches  cylinders,  by  4-feet  stroke,  and  is  geared  3  to  1.  The  drums 
are  7-feet  diameter  and  the  treads  2-feet  wide.  The  rope  on  the 
Eastwood  plane  is  2,500-yards  long  and  f-inch  diameter ;  and  the 
rope  on  the  No.  1  Dalton  plane  is  3,000-yards  long  and  f-inch  diameter. 

The  No.  4  haulage  is  on  the  endless-rope  system,  and  is  worked  by 
engines  situated  in  the  Barnsley  Seam.  The  engine  has  two  12-inches 
cylinders,  by  2-feet  stroke,  and  is  geared  12  to  1.  The  drum  is  8-feet 
G-inches  diameter  and  6-inches  wide.  The  rope  is  3,200-yards  long 
and  1-inch  diameter. 

The  Parkgate  Pit  fan  is  fitted  with  duplicate  engines,  with  22-inches 
cylinders,  by  3-feet  stroke.  The  Schiele  fan  is  13-feet  9-inches  diameter, 
and  driven  by  a  belt  2-feet  wide,  at  3  revolutions  of  fan  to  1  of  engine. 

Swallow  Wood  Pit. 

The  haulage  is  on  the  endless  system  throughout  this  pit,  and  is 
worked  by  engines  situated  in  the  Barnsley  Seam.  The  engine  has  two 
21-inches  cylinders,  by  3-feet  G-inches  stroke,  and  is  geared  5.\  to  1. 
There  are  three  drums,  each  6-feet  diameter,  one  drum  working  the 
North  Side,  with  a  rope  1-inch  diameter  and  2,600  yards  long;  the 
second  drum  working  the  South  Side  with  a  rope  1-inch  diameter  and 
3,360-yards  long  ;  and  the  third  drum  working  a  pump  at  the  bottom  of 
the  Parkgate  Pit. 

The  Swallow  Wood  Pit  fan  has  duplicate  engines,  with  22-inches 
cylinders,  by  3-feet  stroke.  The  Schiele  fan  is  13-feet  9-inches  diameter, 
and  driven  by  a  belt  2-feet  G-inches  wide,  and  2£  revolutions  of  fan  to  1 
of  engine. 
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No.  1  Pit. 
The  winding  engine  has  a  pair  of  high- pressure  horizontal  cylinders, 
each  28-inches  diameter  and  5-feet  stroke,  fitted  with  eiqniKbrium  drop- 
valves.      The  drum  is  14-feei   diameter,  and  pulleys    L 2 -feel    diameter. 
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The  shaft  is  286-yards  deep.  Round  steel  ropes,  1-^-inches  diameter 
are  used,  with  the  West  detaching  hook.  The  double-deck  cages  carry 
two  tubs  on  each  deck,  changed  simultaneously. 

There  are  seventeen  cylindrical  egg-ended  boilers,  30  feet  by  G  feet, 
and  five  Cornish  boilers,  30  feet  by  7  feet,  two  of  which  are  fitted  with 
Fox  corrugated  tubes. 

There  is  a  single  cylinder  vertical  condensing  high-pressure  pumping 
engine,  with  cylinder  83-inches  diameter,  and  8-feet  stroke,  working  at  a 
boiler  pressure  of  45  lbs.  One  set  of  pumps  is  14^-inches  diameter, 
lifting  60  yards,  and  a  second  set  of  5-inches  diameter  forcing  120  yards. 

The  ventilation  is  produced  by  a  Leeds  fan,  40-feet  diameter,  by  10- 
feet  wide,  driven  by  duplicate  engines  with  24-inches  cylinder,  and  4-feet 
stroke,  working  with  45  lbs.  steam  pressure.  At  a  speed  of  38  revolutions 
per  minute.  200,000  cubic  feet  of  air  is  produced  per  minute  under  a 
water-gauge  of  1*80  inches. 

In  the  endless  system  the  rope  is  carried  on  top  of  the  tubs ;  the 
gradients  varying  greatly,  in  some  places  being  12  inches  per  yard  against 
the  load.  There  are  several  junction  stations,  the  distance  to  farthest 
station  being  3,000  yards ;  the  tubs  are  run  in  sets  of  4  to  12.  In  the 
main-and-tail  system  the  empties  gravitate  in-bye  and  draw  the  rope  with 
them.  There  are  20  tubs  in  each  set;  the  gradient  averages  16^  inches 
to  the  yard.  The  new  haulage  plant  comprises  four  haulage  systems,  two 
main-rope  and  two  endless-rope,  and  all  four  may  be  worked  either 
separately  or  simultaneously.  AU  haulage  signals  are  electric,  and  the 
shaft  signals  are  mechanical. 

All  the  haulage  engines  are  situated  on  the  surface,  and  comprise : — 

(1)  A  horizontal  engine  with  two  26-inches  cylinders  and  5-feet  stroke, 
with  drums  8-feet  and  7-feet  6-inches  diameter,  working  separate  inclines. 

(2)  A  horizontal  engine  with  two  24-inches  cylinders  and  3-feet  6-inches 
stroke,  with  drums  8-feet  diameter,  working  four  haulage  systems.  (3) 
A  horizontal  engine  with  two  12-inches  cylinders  and  2 -feet  4-inches 
stroke,  working  endless-ropes.  The  total  haulage  ropes  in  use  are  about 
19,000  yards  long. 

No.  2  Pit. 

The  No.  2  or  upcast  pit  is  arranged  for  winding  coal,  and  cages  pass 
through  doors  which  act  automatically.  The  winding  engine  has  a  pair 
of  horizontal  cylinders,  each  24-inches  diameter  and  3-feet  stroke.  The 
drum  is  10-feet  diameter.  Steel  wire  ropes,  1-inch  diameter,  are  used 
with  sine'le-decked  cases. 
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No.  1  Pit. 

The  winding  engine  has  two  high-pressure  vertical  cylinders,  each  20- 
inches  diameter  and  5-feet  8-inches  stroke.  The  drum  is  10-feet  diameter. 
The  steam  pressure  is  45  lbs.  per  square  inch.  The  ropes  are  l£-inches 
diameter,  with  a  single-decked  cage,  carrying  two  tubs  of  9  cwts.  each. 

For  main-rope  haulage  there  is  a  horizontal  high  pressure  engine,  with 
two  cylinders,  each  16-inches  diameter  and  2-feet  6-inches  stroke ;  geared 
3  to  1;  two  drums,  each  6-feet  diameter,  working  separate  haulages; 
ropes,  f-inch  diameter.  For  the  tail-rope  haulage  there  is  a  horizontal 
engine  with  two  cylinders,  each  1 8-inches  diameter  and  3-feet  stroke; 
-cared  2  to  1  :  rope,  f-inch  diameter.  The  main-rope  haulage  works  the 
coal  to  the  pit  bottom  from  the  tail-rope  terminus.  A  new  endless  haul- 
age' is  now  being  put  down. 

There  is  a  low-pressure  condensing  beam  pumping  engine,  with  a 
cylinder  40-inches  diameter  and  7  feet  stroke,  working  one  set  of  forcing 
rams,  9-inches  diameter,  and  two  lifting  sets,  9-inches  and  10-inches 
diameter  respectively.  A  direct-acting  forcing  ram,  5-inches  diameter, 
with  steam  cylinder,  20-inches  diameter,  lifts  to  a  vertical  height  of  240 
yards. 

The  ventilation  is  produced  by  a  Leeds  fan,  40  feet  diameter  by  12 
feet  wide.  It  is  driven  by  duplicate  cylinders,  each  28-inches  diameter 
and  4-feet  stroke,  at  a  steam  pressure  of  45  lbs.  per  square  inch.  At  40 
revolutions  per  minute  it  produces  190,000  cubic  feet  per  minute  out  of 
No.  2  Fit. 

There  are  eleven  egg-ended  boilers,  each  30  feet  by  7  feet ;  one  Cornish 

boiler,  30  feet  by  G  feet  G  inches ;  and  one  Lancashire  boiler,  24  feet  by  6 

feet  6  inches. 

No.  2  Pit. 

The  No.  2  or  upcast  pit  is  1 6-feet  diameter,  with  1)0  yards  of  iron 

tubbing  in  shaft. 

No.  3  Pit. 

The  No.  3  or  downcast  pit  is  240-yards  deep,  and  1 2-feet  diameter, 
with  90  yards  of  iron  tubbing  in  shaft. 

The  winding  engine  has  one  single  high-pressure  horizontal  cylinder, 

20-inches  diameter    and   3-feet   stroke;    geared  3   to   1.      The  drum    is 
G-feet  diameter.     This  engine  is  used  daily  for  changing  workmen. 
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UNDERGROUND  HAULAGE  BY  ENDLESS-ROPE  AT  ANSLEY 
HALL  COLLIERY. 


By  W.  G.  PHILLIPS. 


The  great  importance  of  the  question  of  underground  haulage  is 
attested  by  the  attention  the  subject  has  received  from  time  to  time  from 
mining  engineers  competent  to  deal  with  the  subject  in  several  able  and 
exhaustive  papers,  and,  moreover,  is  farther  shown  by  the  great  interest 
taken  by  all  connected  with  coal-mining  wherever  the  underground  haul- 
age of  coal  is  performed  by  machinery  to  the  partial  or  entire  exclusion  of 
horse  or  manual  haulage.  Nor  can  this  be  a  matter  of  wonder  when  it  is 
considered  how  much  of  the  success  of  colliery  operations  depends  upon 
the  fact  that,  whatever  be  the  system  of  haulage  employed,  it  should  ensure 
the  certain  and  expeditious  removal  of  the  production  of  the  collier  from 
the  remotest  as  well  as  the  nearest  working  place  in  the  pit,  and  at  the 
same  time  be  economic  in  its  working. 

The  various  systems  of  underground  mechanical  haulage  are  pretty 
generally  known,  and  the  writer  does  not  intend  in  this  paper  to  enter 
into  the  merits  or  demerits  of  any  of  the  known  systems,  but  simply  to  set 
forth  the  particulars,  and  the  working  of  the  system  he  has  adopted  at 
Ansley  Hall  Colliery,  and  which  has  been  in  successful  operation  for  a 
period  of  five  years  to  the  entire  exclusion  of  horse-haulage. 

Before  proceeding  farther  it  will  perhaps  be  well  to  say  a  few  words 
descriptive  of  the  seam,  and  the  system  of  working  the  Rider  Coal  at  this 
colliery. 

The  pits  are  13-feet  6-inches  in  diameter,  and  are  sunk  to  a  depth 
of  168  yards,  intersecting  the  Rider  Coal  at  a  depth  of  68  yards.  From 
the  bottom  of  the  shaft  a  crut  or  measures  head  is  driven  to  the  deep, 
seating  the  Rider  Coal  at  325  yards  from  the  pit  bottom. 

At  this  point  the  measures  arc  lying  at  an  angle  of  25  degs.,  and  to 
reduce  the  gradient  an  incline  to  open  out  the  deep  coal  has  been  driven 
to  the  side  of  the  dip,  and  the  levels  driven  out  from  the  bottom.  See 
Fig.  1,  Plate  LVIII. 

The  length  of  the  incline  is  480  yards  and  a  section  is  shewn  in 
Fig.  2,  Plate  LVIII. 
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The  Rider  Seam  is  worked  on  the  longwaU  system,  opening  off  from 
a  rib  or  pillar  3 2 -yards  thick,  in  this  instance,  left  to  support  the  haulage 
road  or  level. 

In  the  present  case  eight  stalls  are  at  work  with  a  working  face  of 
nearly  1,100  yards.  The  coal  from  these  stalls  is  jigged  down  the  gate- 
roads,  the  number  of  tubs  jigged  at  each  run  varying  from  three  to  six, 
and  the  average  length  of  each  gate-road  is  over  -100  yards  at  the  present 
time. 

The  Rider  Seam  has  a  workable  thickness  of  6  feet,  and  reposes  upon 
another  seam,  the  Bare  Coal,  4-feet  2-inches  thick,  with  a  fire-clay  parting 
intervening,  and  varying  in  thickness  from  12  inches  to  a  thin  "scud." 
The  Bare  Coal  is  unmarketable,  and  therefore  not  worked.  Immediately 
overlying  the  Rider  is  a  heavy  blue  bind  21-feet  thick,  and  immediately 
underneath  the  Bare  Coal  is  a  bed  of  fire-clay  8-feet  thick.  The  former  is 
a  bad  roof,  and  the  latter  is  a  worse  floor,  inasmuch  as  the  Bare  Coal 
makes  sufficient  water  to  set  the  fire-clay  heaving,  and  thus  give  consider- 
able trouble. 

It  is  therefore  very  desirable  to  make  the  headings  between  the  two 
seams,  leaving  a  good  thickness  of  Rider  Coal  to  form  a  roof,  and  more 
than  half  of  the  Bare  Coal  to  form  a  floor.  The  measures  are  very 
undulating,  thus  accounting  for  the  crookedness  of  the  haulage  road  or 
level.  The  coal  left  to  form  the  roof  of  the  main  roads  is  only  partially 
successful,  and  a  great  part  of  the  roads  are  supported.  When  the  roof 
coal  breaks  down,  steel  girders  50  lbs.  to  the  yard  are  used  in  the  main 
roads.  A  section  of  the  seams  and  the  roadway  is  given  in  Fig.  3,  Plate 
LYIIL,  showing  the  dimensions  as  at  first  driven  in  the  coal,  and  as 
afterwards  supported,  where  necessary,  by  girders  and  timber  props. 

With  tin's  brief  description  of  the  system  of  working  the  writer  will 
proceed  to  the  subject  of  the  paper. 

The  haulage  is  by  endless-rope  driven  by  engines  working  on  the 
surface,  the  rope  travelling  in  the  winding  shaft, and  proceeding  from  the 
pit  bottom  underneath  the  tubs  in  the  course  shown  by  the  dotted  lines 
on  Fig.  1,  Plate  LVIII. 

The  speed  of  the  rope  is  from  2  to  2£  miles  per  hour.  The  tubs  are 
attached  singly  to  the  rope  by  means  ofaclip,  and  are  put  on  not  less  than 
20  yardflapart  on  the  main  rope;  hut  on  the  level, which  is  worked  by  another 
rope  driven  by  the  main  rope,  there  is  no  prescribed  distance  for  clipping 
on  the  full  tubs,  and  it  is  not  uncommon  to  see  a  dozen  full  tubs  within  a 
van!  or  a  yard  and  a  half  of  each  other. 
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The  empty  tubs  are  put  on  the  rope  within  a  few  yards  after  leaving 
the  cage,  at  the  point  C  (Fig  1,  Plate  LVIIL),  and  they  proceed  to  the 
bottom  of  the  incline  to  the  point  D,  where  they  are  detached  and  run  by 
gravitation  to  the  point  E. 

The  hanger-on  at  the  bottom  of  the  incline  detaches  the  empty  tubs 
and  attaches  the  full  ones,  which  latter  are  detached  by  a  youth  at  the 
point  F,  from  which  they  run  by  gravitation  to  the  hanger-on  at  the  pit 
bottom  to  be  caged. 

At  the  point  Gr  a  youth  detaches  the  full  tubs  from  the  level  rope,  and 
they  run  by  gravitation  to  the  hanger-on  at  the  bottom  of  the  incline,  and 
he  attaches  the  empty  tubs  to  the  level  rope  to  go  in-bye. 

At  the  bottom  of  each  jig  or  gate-road,  standing  room  sufficient  for 
the  number  of  tubs  composing  the  run  or  journey  is  provided,  and  the 
hanger-on  at  the  bottom  of  each  jig  takes  off  the  empty  tubs  he  requires, 
and  attaches  the  loaded  ones  from  his  gate-road  to  the  level  rope.  (Fig. 
4,  Plate  LVIIL) 

Two  "doggies"  or  "corporals"  are  employed  to  superintend  the  haul- 
age on  the  level,  and  to  repair  any  little  defect  which  may  develop 
during  the  working. 

The  engines,  as  before  stated,  are  placed  on  the  surface,  and  are  a  pair 
of  semi-portable  type.  They  were  originally  employed,  in  their  present 
position,  for  sinking  purposes,  and  were  not  intended  for  the  purpose  for 
which  they  are  now  used.  The  boiler  on  which  the  engines  rest 
is  not  used  for  the  supply  of  steam,  this  being  supplied  from  Lanca- 
shire boilers  at  a  working  pressure  of  60  lbs.  to  the  square  inch. 
The  cylinders  are  14-inches  diameter  with  a  stroke  of  16-inches.  The 
engines  are  geared  11^  to  1  ;  to  give  a  rope  speed  of  2^  miles  per 
hour  with  an  8-foot  driving  wheel,  the  engines  make  100  strokes  per 
minute,  giving  a  piston  speed  of  266  feet  per  minute,  and  are  governed  by 
a  Tangye  quick-speed  governor,  driven  by  a  belt  from  the  crank-shaft. 

The  rope  driving-wheel  is  of  the  C-class,  8-feet  diameter,  and  is 
of  cast-iron.  The  rim  of  the  wheel  is  in  semi-circular  segments,  bolted 
together  and  secured  to  the  arms  of  the  wheel  by  means  of  sockets,  into 
which  the  arms  are  dovetailed,  the  connexions  wedged  up  with  dry  hard 
wood  wedges,  and  farther  with  small  iron  wedges  driven  into  the  wood. 
The  rim  when  worn  out  can  be  replaced  by  a  new  one  with  comparatively 
little  difficulty.  Athough  the  writer  has  had  good  duty  from  the  wheel 
now  working  he  would  strongly  recommend  that  the  wheel  should  be  cast 
with  a  plain  rim  with  the  arms,  and  that  the  C-segments  should  be 
of  steel,  and  be  bolted  on  the  rim  of  the  wheel.     The  life  of  the  segments 


68  UNDERGROUND    HAULAGE    AT    ANSLEY    COLLIERY. 

would  be  much  longer,  and  they  could  be  replaced  with  less  difficulty  than 
in  the  other  manner  described. 

The  rope,  after  going  three  full  turns  round  the  C-wheel  is  led  over  6-feet 
pulleys  fixed  upon  wooden  head-gear  (see  Figs.  5  and  6,  Plate  LVTIL), 
and  down  the  shaft.  The  arrangement  at  the  pit  bottom  is  shown  in  Figs. 
7  and  8,  Plate  LVIIL,  from  which  it  will  be  seen  that  the  vertical  pulleys 
leading  the  rope  are  6  feet  in  diameter.  The  empty  or  in-bye  rope  is  led 
round  the  back  of  the  pit  bottom  by  two  horizontal  pulleys,  each  4  feet  in 
diameter,  working  loose  underneath  the  plates,  or  flat-sheets,  on  spindles 
fixed  into  cast-iron  plates  resting  upon  pitchpine  beams,  the  rope  emerging 
from  the  underside  of  the  road  at  the  point  H. 

Steel  rollers  in  cast-iron  frames.  Figs.  9,  10,  and  11,  Plate  LVIIL,  are 
fixed  every  15  yards  for  carrying  the  rope  and  keeping  it  from  the  ground. 
The  rollers  weighing  15  lbs.,  and  the  box  or  frame  27^  lbs. 

The  curve  A  at  the  top  of  the  incline  having  to  bear  practically  the 
whole  weight  of  the  haulage,  it  was  necessary  to  put  this  down  corres- 
pondingly strong.  The  arrangement  at  this  point  is  given  in  detail  in 
Fig.  12,  Plate  LVIIL  The  whole  of  the  rollers  are  steel,  all  the  spindles 
are  wrought-iron,  turned,  and  the  rollers  are  bored  out.  The  rollers 
(•41  lbs.  each)  on  the  full  roadside  are  21  inches  from  centre  to  centre, 
fitted  as  shown  in  Figs.  13  and  14  ;  the  rollers  (26  lbs.  each)  on  the 
empty  roadside  are  lighter,  and  as  shown  in  Fig.  15,  the  spindles  being 
bolted  through  the  sleepers  with  ordinary  plate-washers  intervening.  The 
inner  side  rail  on  the  full  road  is  provided  with  a  cheek,  as  shown  in 
Figs.  12,  13,  and  14.  This  was  found  necessary  to  prevent  the  tub 
wheels  striking  the  rollers.  The  sleepers  are  pitchpine,  12  inches  by  6 
inches,  some  of  which  are  joggled  into  the  side,  and  a  strong  post  set 
on  the  middle  one,  for  the  purpose  of  keeping  the  curve  from  lifting 
with  the  working. 

The  rope  is  carried  round  the  curve  at  the  bottom  of  the  incline  on  six 
steel  rollers  of  the  same  kind  as  those  used  on  the  empty  roadside  at  the 
curve  A. 

The  arrangements  at  the  bottom  of  the  incline  are  shown  in  Figs. 
It;  and  17,  Plate  LIX.,  from  which  it  will  he  seen  that  the  rope  after  passing 
the  hanging-on  poini  travels  underside  the  roadway  to  a  travelling  tension- 
pulley,  and  hack  to  a  taper  wheel,  such  as  used  by  Mr.  Fisher  at  the  Clifton 
Colliery,  Nottingham,  and  described  by  him  in  his  excellent  paper  on  haul- 
age.* Passing  three  t  imes  round  this  wheel  it  transmits  the  necessary  power 

*  Transactions  of  tin-  Chesterfield  and  Midland  Counties  Institution  of  Engineers, 
vol.  xii..  page  123. 
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to  another  and  similar  wheel  fixed  below  on  the  same  shaft  for  working 
the  level  rope,  and  likewise  for  working  a  double-acting  ram  pump  24 
inches  by  6  inches  for  pumping  the  water  to  the  top  of  the  incline.  The 
tension  weight  for  the  incline  rope  is  a  trolly  loaded  with  cast-iron 
attached  to  the  travelling  pulley  and  working  on  rails  in  a  thirl. 

The  level  rope  on  emerging  from  underneath  the  platform  roadway 
passes  round  a  tension  pulley,  as  shown  in  Figs.  16  and  17,  and  traverses 
the  whole  length  of  the  level,  the  tail  wheel  at  the  far  end  being  fixed  on  a 
carriage  and  secured  by  a  chain  to  a  strong  post. 

The  arrangement  at  the  bottoms  of  the  gate-roads  is  shown  at  Fig.  4, 
Plate  LVIII.  It  was  a  cmestion  with  the  writer  when  laying  down  this 
system  whether  to  make  these  junctions  with  rails  and  points  or  with  plates. 
It  was  found,  however,  that  the  limited  room  which  the  nature  of  the 
strata  allowed  would  have  made  the  working  of  the  junctions  with  rails 
and  points  very  troublesome,  and  plates  were  adopted  and  have  worked 
very  satisfactorily.  The  plates  are  laid  so  as  to  leave  a  groove  1-inch 
wide  in  the  track  of  the  rope  in  each  road,  into  which  the  rope  sinks  when 
the  tubs  are  not  passing  over,  and  the  hanger-on  is  enabled  to  push  his 
full  tub  across  the  plates  to  the  deep  side  road  without  any  impediment. 
The  length  of  the  coupling  of  the  clip  is  so  arranged  that  when  the  tubs  are 
passing  over  the  plates  the  rope  is  lifted  by  the  clip  out  of  the  groove,  and 
thus  avoids  the  possibility  of  the  clip  getting  fast  in  the  groove.  A 
g aider  is  fixed  on  the  in-bye  side  of  the  empty  road,  and  the  deep 
side  rail  being  continuous,  all  that  is  required  on  the  out-bye  side  of  the 
full  road  is  that  the  end  of  the  other  rail  should  be  turned  outwards  on 
the  plate,  as  shown  in  the  drawing. 

A  most  important  matter  in  endless-rope  haulage  is  the  clip,  or  hook, 
or  whatever  may  be  the  name  given  to  the  means  of  attachment  of  the 
tub  to  the  rope.  A  number  of  these  contrivances  are  in  the  market,  all 
of  them  more  or  less  satisfactory,  but  none  of  them  are  suitable  to  every 
condition  of  endless-rope  haulage.  The  one  adopted  by  the  writer,  and 
used  for  over  five  years,  is  shown  in  Plate  LLX.,  Fig.  18,  being  an 
elevation  of  the  clip  as  attached  to  the  rope,  and  Fig.  19  being  a  section. 
The  clip  is  made  of  steel  or  malleable  iron,  and  is  formed  of  two  sides, 
between  which  a  lever  works.  A  fulcrum  is  formed  by  a  steel  peg  a  short 
distance  from  the  back  end  of  the  lever  on  which  end  is  formed  a  wedge- 
shaped  projection.  Below  the  fulcrum  of  the  lever  a  strong  bolt,  by  which 
the  range  of  the  clip  is  regulated,  couples  the  sides,  and  at  the  back  of  the 
clip  is  a  pin  to  which  the  coupling  is  attached.  The  action  of  the  clip 
depends  upon  the  wedge-shaped  end  of  the  lever  working  in  an  inclined 
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recess  formed  in  the  inside  of  the  plates.  To  release  the  clip  from 
the  rope  the  lever  is  lifted  up,  the  wedge  end  being  brought  to  the 
aperture  in  the  sides,  which  are  then  released  from  their  grip.  To 
attach  this  clip  the  hanger-on  takes  it  by  the  end  of  the  lever  with 
one  hand,  and  swings  or  flings  the  hook  into  the  drawbar  of  the  tub  with- 
out touching  it  with  the  other  hand  ;  holding  the  leverin  a  vertical  posi- 
tion, the  lower  edges  of  the  sides  are  apart,  and  dropping  the  clip  on  the 
rope  he  brings  the  handle  down  with  both  hands.  Practice  will  tell 
him  by  the  pressure  necessary  to  bring  the  lever  down  whether  the 
clip  has  a  sufficient  grip  or  not.  If  it  be  too  tight  he  cannot  get  the 
lever  down,  when  the  nut  of  the  bolt  must  be  moved  out  ;  if  the 
lever  goes  down  too  easily  it  must  be  lifted  again,  and  the  nut  moved  on 
a  little  until  the  requisite  grip  is  acquired.  When  the  clip  gets  set  to  the 
size  of  the  rope  the  regulating  nut  does  not  require  frequent  touching. 

The  conditions  under  which  the  writer  is  using  this  clip  are  sufficient 
to  test  its  capabilities,  and  the  result  is  very  satisfactory.  Some  practice  is 
necessary  to  attain  proficiency  in  its  use,  but  in  the  hands  of  a  competent 
man  none  is  equal  to  it,  either  as  to  the  rapidity  of  its  application, 
the  power  of  its  grip  of  the  rope,  the  ease  with  which  it  works  round 
curves,  or  its  freedom  from  damaging  the  rope. 

In  the  full  road  in  the  incline,  strong  monkeys  (Figs.  20  and  21),  are 
fixed  every  10  yards  to  stop  the  loaded  tubs  running  back  in  the  event  of 
an  accident  happening  to  a  clip  or  the  rope  breaking. 

The  ropes  used  are  of  best  patent  crucible  steel,  and  Lang's  lay.  The 
principal  one  from  the  engines  to  the  wheels  at  the  bottom  of  the  incline 
is  1-inch  diameter,  weighing  0]  lbs.  to  the  fathom;  that  for  working 
the  level  is  |-inch  diameter,  and  weighs  4^  lbs.  to  the  fathom.  The 
splicing  in  each  case  is  22-yards  long.  Both  ropes  are  kept  well  greased 
by  running  over  an  ordinary  sheave-pulley,  working  in  a  box  containing 
oil  for  the  purpose.     The  life  of  the  ropes  is  two  years. 

The  whole  of  the  roadway  except  the  empty  road  on  the  level,  which 
is  laid  with  18-lbs.  steel  bridge  rails  in  4-feet  lengths,  is  laid  with  steel- 
flanged  rails  30  lbs.  to  the  yard,  in  15-feet  lengths,  fish-plated,  and 
dog-spiked  to  sleepers  every  yard. 

It  will  be  noticed  on  reference  to  Figs.  16  and  17,  Plate  LIX., 
that  a  double-acting  pump  is  fixed  at  the  bottom  of  the  incline-,  and  worked 
by  the  incline  rope  from  a  sweep  crank  in  the  vertical  shaft.  The  pump 
is  24  inches  by  (I  inches,  and  it  is  capable  of  raising  3,200  gallons  of 
water  per  hour.  The  delivery-pipes  cross  the  wheel  pit,  are  laid  on 
the    floor   of   the  counter  hill,  and   deliver    the    water  at    the    summit. 
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Fortunately,  the  quantity  of  water  has  been  much  less  in  the  deep 
than  in  the  basset  workings,  and  it  is  unnecessary  to  pump  more  than 
one  day  per  week. 

The  weight  of  coal  hauled  is  480  tons  in  8  hours  and  20  minutes,  daily 
working. 

The  carrying  capacity  of  the  tubs  is  8  cwts.  each.  The  writer  has  not 
had  time  to  prepare  a  statement  of  first  cost  or  to  tabulate  the  cost  of 
working  in  detail.  The  following  are  some  of  the  main  items  of  the 
working  cost. 

Labour. 

Enginenian 1 

Man  at  bottom  of  incline            1 

Men,  "  corporals,"  or  "  doggies  "           2 

Youths,  out-bye  end  of  level       2 

Do.  at  pit  bottom         ...         ...         ...         ...         ...  2 

Total 8 

Giving  a  cost  of  l*23d.  per  ton  per  mile. 

The  cost  of  clips  is  about  £18  per  year,  but  against  this  item  should  be 
placed  the  cost  of  couplings  in  any  system  of  haulage  involving  trains  of 
tubs,  but  the  item  is  given  as  showing  the  cost  of  this  particular  clip. 

One  item  in  favour  of  endless-rope  haulage  as  compared  with  horse 
haulage  seems  to  have  been  overlooked  by  previous  writers,  but  is  one  of 
no  inconsiderable  moment.  This  refers  to  the  great  wear  of  sleepers,  and 
the  cost  of  labour  in  keeping  a  road  in  repair  subject  to  heavy  horse  traffic. 
The  extra  cost  in  this  department  would  do  something  towards  liquidating 
the  cost  of  ropes  and  rollers. 

With  respect  to  the  wear  and  tear  of  tubs.  In  the  working  of  inclines 
with  varying  but  heavy  gradients,  it  must  be  self-evident  that  the  distri- 
bution of  the  weight  over  the  full  length  of  the  incline,  in  single  tubs, 
equalizes  the  strain  on  the  whole  of  the  haulage  tackle,  and  thus  reduces 
the  risk  of  breakages,  whilst  the  absence  of  coupled  trains  running  at 
considerable  speed  on  such  inclines  removes  the  cause  of  much  damage 
to  tubs.  The  writer  is  not  prepared  with  a  detailed  statement  of  the  cost 
of  tub  repairs,  but  he  finds  that  the  average  cost  for  labour  is  not  more 
than  £25  per  annum. 

Figs.  22,  23,  and  24,  Plate  LIX.,  show  the  tub  used,  which  was  designed 
by  the  writer  ten  or  twelve  years  ago.  Sufficient  details  are  given  in  the 
drawings  to  render  explanation  unnecessary.  The  drawbars  are  lipped 
behind  the  end  swords  of  the  under-framing.  This  is  a  decided  improvement 
upon  a  plain  liar  as  it  reduces  the  pull  on  the  bolts,  and  prevents  them 


72  UNDERGROUND    HAULAGE   AT    ANSLEY   HALL    COLLIERY. 

"lobbing"  t  he  boles  in  the  timber.  The  drawbar  bolts  are  fitted  with  split 
cottars.  The  pedestals  are  cast  with  a  lip  to  the  outside,  fitting  against  the 
sole  bar,  thus  reducing  the  working  of  the  bolts  to  the  detriment  of  the 
sole  bars;  and  likewise  preventing  the  tub  wheel  rubbing  against  the  sole  bar. 
The  tub  bottom  is  of  steel  j^-inch  thick.  The  under-framing  is  made  of 
English  oak,  and  the  boarding  of  larch  or  elm.  The  tubs  are  now  fitted 
with  the  Rowbottom  self-lubricating  wheel  shown  in  Fig.  25,  Plate  LIX. 

The  greasing  or  oiling  of  tubs  at  most  collieries,  under  the  old  system, 
is  little  short  of  a  nuisance,  and  the  waste  of  Lubricant  is  scandalous. 
Many  attempts  have  been  made  to  find  a  remedy  for  the  difficulty,  but 
hitherto  the  success  has  been  very  partial.  The  writer  is  of  opinion  that 
the  Rowbottom  wheel  is  the  best  for  the  purpose,  as  it  contains  very 
few  parts  ;  it  retains  the  oil  very  effectually,  consequently  lubricates  the 
axles  with  very  little  waste,  and  it  can  be  oiled  without  turning  over  or 
being  moved.  The  writer  has  now  in  use  130  sets  of  these  wheels,  some 
of  which  have  been  at  work  for  over  18  months,  and  are  working  very 
satisfactorily.  These  wheels  are  running  comfortably,  one  month  per 
oiling.  The  lubricant  used  is  a  mineral  oil  at  Is.  per  gallon.  One  gallon 
of  oil  suffices  for  ten  tubs,  thus  giving  a  cost  of  Is.  2{>d.  per  tub  per 
annum  nearly. 

The  weight  of  the  tub  finished  is  ih  cwts.  nearly.  The  cost  complete 
with  the  patent  wheels,  which  are  23s.  the  set,  is  £3  12s.  per  tub. 
This  gives  a  high  first  cost,  but  the  result  of  the  working  of  the  tub  amply 
justifies  the  expenditure. 

To  promote  discussion  on  this  most  important  question  is  the  primary 
object  of  this  paper,  and  although  incomplete  in  many  important  details, 
the  writer  hopes  that  it  may  be  found  of  interest,  and  that  its  object  may 
be  accomplished. 
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MIDLAND    INSTITUTE    OF   MINING,    CIVIL,    AND 
MECHANICAL    ENGINEERS. 


ANNUAL    GENERAL  MEETING, 

Held  in  the  Lecture  Hall  op  the  Harvey  Institute,  Barnsley, 

July  20th,  1892. 


Me.  JOS.  MITCHELL,  Retiring  President,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected   Members,  having  been  pre- 
viously nominated  : — 

Mr.  H.  E.  Gregory,  Colliery  Manager,  Cortonwood  Colliery,  near  Barnsley. 
Mr.  Jas.  Hy.  Ronaldson,  Mining   Engineer,  Mount  Kenibln.  Wollongong, 

New  South  Wales. 
Mr.   John   Haigh   Roberts,   Colliery    Manager,   Woodroyd,  Honley,   near 

Huddersfield. 
Mr.  Cuthbert  Dunbar,  Colliery  Deputy.  Houghton  Main  Colliery,  Barnsley. 
Mr.  M.  R.  Coxon,  Colliery  Surveyor,  Mining  Offices,  Barnsley. 
Mr.    Albert     T.    Green,    Surface    Manager,    Aldwarke    Main    Collieries, 

Rotherham. 
Mr.  Cecil  Wray,  Electrical  Engineer,  50,  Grantham  Road,  Bradford. 
Mr.  Ralph  Williamson,  Engineer,  Park  Hill  Colliery,  near  Wakefield. 
Mr.  George  Spooner,  Colliery  Manager,  Cortonwood  Colliery,  Barnsley. 
Mr.  Josh.  Outram,  Colliery  Manager,  Kilnhurst,  Rotherham. 


Mr.  W.  Washington  and  Mr.  Jas.  Overend  were  appointed  Scrutineers 
of  the  voting  papers  for  the  election  of  officers  for  the  year  1892-93. 


The  Seceetaey  (Mr.  T.  W.  H.  Mitchell)  read  the  Annual  Report  of 
the  Council  as  follows  : — 
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THE  COUNCIL'S  ANNUAL  REPORT. 

Following  the  usual  custom  the  Council  have  pleasure  in  handing  the 
members  of  the  Institute  their  report  on  the  work  of  the  past  year. 

The  Council  regrei  thai  during  the  pasl  year  the  papers  have  not  hcen 
so  numerous  as  they  desired,  and,  while  suggesting  that  this  is  one  of  the 
serious  difficulties  of  maintaining  the  Institute  in  its  present  creditable 
position,  depend  upon  thisappeal  to  the  members  to  ensure  for  the  coming 
jreai  an  increase  not  only  in  the  number  of  papers  but  in  the  attendance 
of  members  at  the  meetings,  especially  of  those  who  have  supported  the 
Institute  in  the  past. 

The  number  of  members  on  the  books  of  the  Institute  at  the  end  of 
the  year  was  3  Life  Members,  18  Honorary  Members,  and  172  Ordinary 
Members.     This  is  an  increase  of  4  in  the  number  of  Ordinary  Members. 

The  arrears  of  subscriptions  during  the  past  year  are  £36,  to  which 
is  added  £17  2s.  previous  arrears,  making  a  total  of  £53  2s.,  but  of  this 
amount  £24  12s.  is  considered  irrecoverable,  leaving  £28  10s. 

The  Council  urge  the  members  in  arrear  to  pay  at  once  so  that  they 
may  assist  to  maintain  the  rules  of  the  Federated  Institution. 

From  the  statement  of  accounts  which  has  been  duly  audited,  it  will 
be  seen  that  all  liabilities  for  volume  iii.  of  the  Transactions  of  the  Feder- 
ated Institution  and  for  the  year  ending  June  30th,  1892,  have  been 
discharged,  leaving  a  balance  in  hand  of  £33  8s.  Gd. 

Although  the  accounts  show  a  satisfactory  balance,  the  Council  must 
remind  members  that  a  "call"  will  be  due  to  the  Federated  Institution 
on  Hhe  31st  of  this  month,  thus  necessitating  prompt  payment  of  their 
subscriptions  which  are  now  due. 

In  accordance  with  Rule  55  of  the  Federated  Institution,  prizes  have 
been  awarded  in  respect  of  papers  printed  in  volumes  i.  and  ii.  of  the 
Transactions,  and  amongst  the  names  of  the  successful  ones  is  that  of 
Mr.  Geo.  Blake  Walker,  a  member  of  this  Institute,  for  his  papers  "On 
Coal-getting  by  Machinery  "  and  "Notes  on  the  Coal-fields  of  New  South 
Wales." 

The  following  papers  have  been  read  during  the  past  year: — 

;'On  the  Pumping  Appliances  at  Cadcby  New  Sinking."     By  Mr.  Vv'm. 

By.  <  'hambcrs. 
"Notes  on  the  Various  Types  of  Coke  Ovens."     By  Mr.  T.  W,  II.  Mitchell. 
••On  the   Underground   System  <>f  Haulage  at   Mitchell  Main  Colliery." 

By  Mr.  T.  W.  II.  Mitchell. 
►"Notes  on  Underground  H  Mirlield."    By  Mr.  John  Nevin. 

"On  an  Instance  of  Stopping  Hark  Water  by  Brick  Dams."     By  Mr.  John 

Nevin. 
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Discussions  have  also  taken  place  on  : — 

Mr.  Ashworth  and  Prof.  Clowe's  paper  "  On  the  Detection  of  Fire-damp." 

Mr.  W.  Foggin's  paper  "  On  Locked  Coil  Wire  Ropes." 

Mr.  John  McLaren's  paper  "  On  the  Economical  Use  of  Steam  in  Colliery 

Engines." 
Mr.  T.  W.  H.  Mitchell's  paper  "  On  the  Underground  System  of  Haulage 

at  Mitchell  Main  Colliery." 
Mr.  G.  B.  Walker's  paper  "  On  the  Coal-fields  of  New  South  Wales." 

The  Council  must  again  remind  the  members  of  the  inadequate 
number  of  papers  read,  taking  into  consideration  the  extent  of  member- 
ship, the  varied  conditions  from  which  this  Institute  draws  its  members, 
and  especially  having  regard  to  the  importance  of  a  mining  district  having 
an  Institute  of  so  much  advantage  to  the  younger  members  of  the 
profession. 

Four  meetings  of  the  Institute  have  been  held  in  Sheffield,  Barnsley, 
and  Leeds,  and  a  Joint  Meeting  with  the  Chesterfield  and  Midland 
Counties  Institution  at  Sheffield,  on  May  3rd,  at  which  an  interesting 
and  valuable  discussion  took  place  on  papers  on  underground  haulage. 
Also  through  the  kindness  of  the  Council  of  the  Chesterfield  and  Midland 
Counties  Institution  an  opportunity  was  afforded  the  members  of  this 
Institute  to  visit  the  Teversal,  Silver  Hill,  and  Pleasley  Collieries  during 
the  past  year. 

Although  the  Federated  Institution  had  first  claim  to  hold  their 
meeting  in  any  district  under  the  auspices  of  the  Midland  Institute,  yet 
the  Council  were  of  opinion  that  it  was  desirable  it  should  be  transferred 
to  Manchester,  when  the  following  papers  were  read : — 

"  On  the  Rate  of  Explosion  in  Gases."     By  Mr.  H.  B.  Dixon. 

"  On  the  Coal-fields  of  Malaysia."     By  Messrs.  J.  A.  Hooze,  R.  A.  Eekhout, 

and  R.  A.  Van  Sandick. 
"The  Speakman  Water-cartridge."     By  Mr.  J.  J.  Speakman. 

The  Council  unanimously  recommend  Mr.  Gerrard  for  election  as  an 
Honorary  Member  of  this  Institute  on  his  becoming  Inspector  of  Mines 
for  the  Manchester  district. 


ACCOUNTS. 

The  Secretary  (Mr.  T.  W.  H.  Mitchell)  also  read  the  statement  of 
accounts  for  the  year  ending  30th  June,  1892,  as  follows : — 
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The  Auditors  are  of  opinion  that  the  statement  of  accounts  would  allow 
for  a  reduction  in  the  estimated  value  of  books,  and  suggest  that  two 
members  be  appointed  to  report  on  the  value  of  the  library,  Transactions, 
etc.  (the  library  not  being  included  in  the  estimate). 


The  PRESIDENT  said  the  accounts  would  be  satisfactory  to  them.  It 
was  the  first  time  in  the  history  of  the  Institute  that  they  had  been 
without  liabilities.  He  fully  endorsed  the  Council's  Report,  and  would 
especially  orge  upon  the  members  to  give  more  papers,  lie  thought 
some  of  the  younger  members  were  afraid  that  the  papers  they  might  be 
able  to  give  would  not  be  of  sufficient  magnitude  and  importance. 
But  they  would  be  important  as  giving  daily  events  in  the  mine. 
What  was  wanted  was  daily  experience,  not  only  for  the  older  members 
to  know  what  was  going  on,  but  for  the  instruction  of  younger  members. 
He  hoped  the  observations  of  the  Council  in  this  respect  would  be 
noted,  and  that  they  would  have  a  better  attendance  at  their  meetings  in 
the  future.  He  was  afraid  the  amount  of  literature  provided  now  was 
such  that  some  of  the  members  were  satisfied  to  stay  at  home  and  read  the 
interesting  papers  collected  together  and  published  through  the  Federated 
[nstitution  of  Mining  Engineers,  instead  of  attending  meetings  to 
exchange  views  with  their  fellows.  He  hoped  that  would  be  altered,  and 
that  they  would  have  abetter  attendance  and  more  papers  in  future.  He 
had  pleasure  in  moving  the  adoption  of  the  report  and  balance  sheets. 

Mr.  Jxo.  Cerrard  said  that  as  a  retiring  member  of  the  Council, 
and  as  having  taken  some  part  in  the  meetings  for  the  last  few  years,  he 
had  great  pleasure  in  seconding  the  proposition.  He  could  endorse  all 
that  had  been  said  with  regard  to  the  satisfactory  condition  of  the 
finances;  it  was  thoroughly  sound,  and  could  not  but  be  gratifying  to 
every  member  of  the  Institute.  They  had  all  been  fully  cognizant  of  the 
good  work  which  their  valued  Secretary  had  been  doing,  and  now  he 
gave  them  proof  in  that  very  satisfactory  report  with  regard  to  the 
finance-.  A.s  to  the  papers  which  had  been  read,  if  they  had  not  been 
oumerous  they  had  been  excellent  in  quality.  They  had  had  some  first- 
rate  papers,  thorough  papers,  giving  a  very  large  number  of  important 
mder  their  respective  headings,  which  was,  of  course,  very  desirable. 
As  to  what  the  President  had  said  with  regard  to  small  papers,  they  knew 
it  was  the  aggregation  of  particles  which  made  up  the  large  sum.  If 
they  could  induce  some  of  the  younger  members,  even  of  the  Students,  to 
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jot  down  notes  upon  some  single  feature  which  might  come  under  then- 
notice,  the  members  would  not  only  hail  the  movement  with  satisfaction 
and  pleasure,  but  it  would  be  the  means  of  leading  on  to  something 
greater.  He  hoped  the  President's  words  would  be  noted.  In  this 
district  they  had  improvements  taking  place  every  day.  If  they  could 
induce  the  younger  members  to  bring  these  improvements  under  their 
notice  it  would  be  satisfactory  to  themselves  and  add  to  the  interest  of 
the  Transactions. 


The  President  said  an  important  resolution  was  passed  at  last 
meeting  of  the  Council  which,  with  the  consent  of  the  members,  would  be 
added  to  the  annual  report.  It  was  that  the  Council  unanimously 
decided  to  recommend  Mr.  Gerrard  for  election  as  an  Honorary  Member 
of  the  Institute.  With  that  addition,  he  had  pleasure  in  putting  the 
resolution. 

The  resolution  was  carried  unanimously. 

Mr.  Gerrard  thanked  the  members  for  their  kindness  in  electing 
him  an  Honorary  Member.  He  should  make  it  a  sine  qua  non  that  he 
be  allowed  to  continue  to  pay  his  subscriptions. 


Mr.   W.   E.   Garforth  read  the  following  paper  on  "Underground 
Haulage  at  the  West  Riding  Collieries,  Nonnanton  "  : — 
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UNDERGROUND  BAULAGB  AT  THE  WEST  RIDING 
COLLIERIES,  NORMANTON. 


r,v  W.  E.  GARFORTH. 


[ntroduction. 

The  imporfcanl  advantages  which  have  been  derived  from  a  well- 
designed  system  of  underground  mechanical  haulage  are  so  universally 
admitted  that  it  seems  unnecessary  to  enlarge  upon  the  arguments  given 
by  other  writers  in  support  of  them. 

At  the  same  time,  considerable  difficulty  is  still  experienced  in  deciding, 
from  amongst  the  various  modifications  of  rope  and  chain-haulage,  which 
system  will  be  most  suitable  for  a  particular  colliery  differing  from  other 
mines  in  the  shape  of  the  coal-field,  the  inclination  of  the  strata,  the 
position  of  faults,  etc. 

Bach  year  this  question  becomes  of  greater  importance  consequent  on 
the  increased  depth  of  the  mines,  the  greater  distance  of  the  coal-face 
from  the  shaft,  restricl  ions  under  leases,  and  other  considerations. 

The  writer  submits  the  following  description  of  the  chain-haulage 
which  has  been  in  successful  operation  at  the  West  Riding  Collieries, 
at  Normanton,  for  about  26  years.  Additional  particulars  are  also  given 
with  respect  to  the  conveyance  of  the  deep  or  dip-side  coal  to  show  how 
the  chain-haulage  has  been  supplemented  at  subsequent  periods  by  a  modi- 
tied  system  of  rope-haulage.  In  this  description  it  is  intended  to  refer  to 
the  principal  difficulties  experienced  and  the  methods  and  appliances  used 
to  ensure  a  regular  output  of  coal,  to  prevent  stoppages,  etc.  These 
results  of  actual  experience  will,  it  is  hoped,  prove  of  more  service  than 
mere  comparisons  of  the  various  systems  of  haulage.  Owing  to  the 
different  arrangements  in  use  at  collieries  it  would  indeed  be  difficult  to 
make  a  fair  comparison. 

The  writer  does  not  wish  bo  advocate  the  universal  adoption  of  any 
particular  system;  on  the  contrary,  he  believes  that  chain-haulage  has 
been  applied  under  certain  conditions  with  greater  success  than  rope- 
haulage,  and  vice  versa.  Thai  system  which  can  be  adapted  to  meet  the 
natural  an  1  other  con  lii  ions  of  the  mine  will  be  most  certain  to  ensure  a 
output  and  a  minimum  cosl  of  conveyance  and  maintenance. 

It  may  be  pointe  I  oul  that,  since  the  valuable  reporl  of  the  North  of 
England  Institute  which  was  published  some  25  years  ago,  and  dealt  bo 
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exhaustively  with  all  matters  relating  to  haulage,  several  ingenious  contri- 
vances in  the  shape  of  clips,  friction-wheels,  improved  steel,  and  better 
manufactured  ropes  have  been  introduced.  These  improvements  have 
been  the  means  of  reducing  the  cost  of  rope-haulage  to  a  much  lower  figure 
than  that  stated  in  the  report  referred  to. 

With  respect  to  the  cost  of  conveyance  per  ton  per  mile,  it  may  be 
remarked  that  it  is  not  the  only  question  for  consideration.  The  securing 
of  a  large  and  regular  output  is  of  equal  importance.  A  greater  profit  will 
result  from  an  output  of  say  5,000  tons  of  coal  per  week,  after  allowing  id. 
per  ton  for  increased  cost  of  haulage,  than  from  4,000  tons  per  week 
conveyed  by  apparently  a  more  economical  system,  but  subject  to  small 
stoppages.  Assuming  Is.  per  ton  profit  on  the  sale  of  the  coals,  then  the 
difference  between  the  two  methods  would  be  about  £40  per  week.  This 
result  shows  the  advantage  of  adopting  that  system  which,  although 
costing  rather  more,  is  freer  from  breakdowns,  repairs,  and  other  attendant 
expenses.     The  latter  are  always  difficult  to  estimate. 

Stanley  Main  and  Haigh  Moor  Seams. 

From  the  accompanying  plan  (Fig.  1,  Plate  LXI1L),  which  represents 
the  chain-haulage  in  the  Stanley  Main  seam,  it  will  be  noticed  that  the 
single  engine  for  actuating  the  chain  is  situate  within  40  yards  of  the 
shaft.  The  horizontal  engine  has  one  steam  cylinder,  18-inches  diameter, 
stroke  3-feet,  and  geared  in  the  proportion  of  4  to  1.  The  gearing, 
together  with  the  upright  shaft,  chain,  drum,  foot-step,  and  framework, 
is  similar  in  principle  to  that  shown  in  Figs.  2  and  3,  Plate  LXIII.  The 
chain  drum  is  4-feet  diameter,  and  has  been  in  actual  operation  since  the 
commencement  of  the  haulage,  about  20  years  ago.  The  second  motion 
shaft  is  7-inches  diameter.  The  details  of  the  drum  are  as  shown 
in  Fig.  4,  Plate  LXIV.,  where  it  will  be  seen  that  in  order  to  save 
the  main  casting  it  is  fitted  with  horns  made  of  best  Yorkshire 
iron,  case-hardened  on  the  rubbing  surface  and  dovetailed  into  the 
drum.  The  horns  are  driven  from  the  under  side,  so  that  the  action 
of  the  chain  having  an  uplifting  tendency  the  horns  become  tighter. 
The  taper  is  £  inch  to  the  foot.  The  twelve  horns,  which  are  made 
interchangeable,  can,  when  necessary,  be  replaced  with  less  than  an  hour's 
stoppage.  The  chain  is  made  from  f-inch  full  round  iron,  capable 
of  standing  a  breaking  strain  of  21  tons,  or  a  working  load  of  7  tons.  It 
passes  2\  times  round  the  driving  drum,  travels  at  a  speed  of  2  to  3^ 
miles  per  hour,  and  works  above  the  tubs. 

The  haulage  road  is  formed  of  18  lbs.  rails  in  6-feel  lengths,  resting  on 
sleepers  5  inches  by  2|  inches. 
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The  tubs  (which  are  made  of  wood)  have  the  following  dimensions:—- 

Ft.    In. 

Outside  length         ...         3     8 

Outside  will  h  3     0 

Depth  from  rail  to  top  of  tab      3    0 

Inside  length  3    3 

Inside  width  2  10 

Inside  depth  ...         ...         ...         ...         ...         ...        2     0 

Wheels,  10-inches  diameter,  are  fast  on  the  axle. 
Weight,  of  corve,  4  cwts.  1  qr.  14  lbs. 
Weight  of  coal  carried  in  tub,  8  to  10  cwts. 
Cost  price  of  tub,  about  £5. 

The  chain  extends  from  the  shaft,  say  point  A  to  the  point  B,  along  a 
road  which  is  about  9-feet  wide,  and  practically  level.  At  B  a  branch 
road  extends  at  right  angles. 

The  particulars  of  the  shaft  at  B  are  shown  in  Fig.  4,  Plate  LXIV. ; 
it  consists  of  an  upright  shaft  with  three  chain-drums,  the  driving-drum 
being  placed  the  highest,  the  middle  drives  the  straightforward  road,  and 
the  lowest  works  the  chain  up  to  the  point  B3. 

Although  there  are  certain  bends  in  the  road  which  are  disadvantageous, 
and  throw  an  increased  wear  and  tear  upon  the  chain,  still  no  great 
difficulty  has  hitherto  been  experienced  in  keeping  the  chain  on  the  tubs. 

It  was  found  necessary  to  place  binding  pulleys  at  the  point  Y.  As 
an  upright  shaft  would  have  interfered  with  the  traffic  on  the  full  road  a 
framework  of  pitchpine  was  used  instead  of  this  appliance,  and  has  satis- 
factorily answered  the  purpose.  At  the  point  C,  or  the  termination  of 
the  chain-haulage,  a  frame  and  ordinary  pulley  is  placed,  round  which  the 
chain  passes.  The  greatest  quantity  carried  on  this  road  in  one  day  has 
been  about  650  tons. 

In  consequence  of  the  coal  dipping  from  the  point  C,  and  it  being 
necessary  to  work  a  certain  number  of  bords  from  the  main-dip  ending, 
it  was  considered  preferable  to  place  an  engine  at  the  terminus  of  the 
chain-haulage,  and  adopt  the  main-and-tail-rope  system  for  working  this 
dip-side  coal.  Thirty  tubs  are  run  on  each  trip.  The  inclination  beyond 
the  point  X  is  sufficient  for  the  empties  to  draw  out  the  rope.  The 
details  connected  with  the  main-and-tail-rope  system  are  so  well  under- 
i  thai  the  writer  thinks  it  unnecessary  to  give  further  particulars. 
With  respect  to  tin-  haulage  necessary  to  convey  the  coal  from  the 
utmost  limit  of  the  coal-field,  say,  a  little  over  8  miles,  the  following 
arrangements  were  mad<  about  ten  years  ago  : — At  a  point  tin  yards  from 
the  pit-bottom  the  coal  dips  for  a  distance  of  528  yards  to  the  point  Gr, 
at  an  average  rate  of  1  in  8.      This  distance  is  worked  by  means  of  a  drum 
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and  single  rope,  actuated  by  a  pair  of  horizontal  engines,  with  steam 
cylinders  1 -if -inches  diameter,  2-feet  6-inches  stroke,  and  geared  in  the 
proportion  of  2  to  1,  with  the  drum  so  arranged  that  it  can  work 
independently  for  lowering  the  tubs  down  the  incline.  This  enables  the 
engines  to  be  run  in  one  direction,  thereby  allowing  the  engineman  to 
devote  a  certain  portion  of  his  time  to  the  haulage  road.  Where  the 
quantity  of  coal  to  be  conveyed  is  considerable,  it  is,  however,  more 
economical  to  let  the  man  remain  at  his  engine.  A  run-rider  formerly 
travelled  on  this  road,  but  he  has  now  been  dipensed  with. 

From  the  point  G  to  H,  968  yards,  the  road  inclines  towards  the  pit 
at  the  rate  of  1  in  110.  From  H  to  J,  it  is  practically  level.  A  pair  of 
binding  pulleys  are  placed  at  H,  owing  to  the  alteration  in  the  direction 
of  the  road.  At  J,  the  chain-haulage  terminates,  although  the  power 
necessary  to  drive  the  chain  is  transmitted  through  this  shaft,  which  is 
fitted  with  a  chain,  drum,  and  pulley,  and  connected  by  means  of  a  rope 
with  the  main  hauling  engines,  hereinafter  described. 

From  J  to  K,  the  road  is  formed  through  a  stone  drift  dipping  at  the 
rate  of  1  in  i,  and  from  K  to  M  it  is  practically  level.  At  this  latter 
point  the  main  hauling  engines  are  placed.  The  pair  of  steam  cylinders 
are  2 6-inches  diameter,  with  4-feet  stroke,  and  geared  in  the  proportion 
of  2  to  1.  The  particulars  of  the  upright  shaft  and  gearing  are  shown  in 
Figs.  2  and  3,  Plate  LXIII.  It  will  be  noticed  that  the  rope  drum  is  placed 
below  the  level  of  the  road,  but  at  a  point  10  yards  from  the  upright 
shaft  the  rope  comes  above  the  level  of  the  rails,  over  a  pulley  12 -inches 
diameter.  After  continuing  above  the  road  to  a  point  72  feet  from  the 
bottom  of  the  incline,  it  again  passes  under  a  pulley  18-inches  diameter 
below  the  road,  and  ascends  to  the  rail  level  at  the  foot  of  the  incline. 

At  this  point  the  tubs  are  attached  to  the  rope  by  means  of  Small- 
man  clips,  and  travel  up  the  incline,  which  is  220-yards  long,  to  a 
short  distance  from  the  chain  drum.  At  the  top  of  the  incline  the  tubs 
are  disengaged  from  the  rope  and  run  by  means  of  a  slight  incline  to  the 
chain  drum,  where  they  attach  to  the  chain  automatically. 

From  this  description,  and  with  the  assistance  of  the  plans,  it  is 
hoped  that  the  method  of  conveying  the  coal  from  the  point  M  near  the 
engine-house  to  the  pit  shaft  will  be  understood.  From  the  point  M 
to  the  point  N,  it  is  intended  to  adopt  the  same  system  of  chain-haulage 
as  that  in  use  from  Gr  to  H.  At  the  point  N  the  rope  or  chain-haulage 
will  be  continued  to  0,  and  eventually  to  R. 

If  the  road  is  found  to  be  wet,  which  may  be  the  case,  chain- 
haulage  will  be  adopted,  but  if  dry,  or  the  inclination  is  greater  than 
expected,  it  is  possible  a  modification  of  rope-haulage  may  be  used. 
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The  total  distance  from  the  pit-bottom  to  the  extreme  limit,  beyond 
the  point  R,  is  a  little  over  3  miles.  A  length  of  4,472  yards  is  worked 
by  means  of  the  26-inches  cylinder  engine,  and  the  remaining  part  by  the 
engines  placed  near  the  Stanley  Main  pit-bottom.  It  is,  however,  con- 
templated to  dispense  with  the  latter  engines,  and  transmit  all  the  power 
by  means  of  the  2G-inches  cylinder  engine. 

It  will  be  noticed  from  Fig.  1,  Plate  LXIII.,  that  the  steam  for 
supplying  the  26-inches  cylinder  engine  is  carried  down  t  he  air-shaft  140- 
yards  vertical,  and  a  further  distance  of  47  yards  along  the  roadway,  so 
that  in  both  cases  the  engines  are  supplied  with  steam  from  the  Burface. 
The  difference  in  pressure  is  about  3  lbs.,  with  very  little  condensation. 

One  of  the  main  factors  for  the  successful  working  of  endless-chain  or 
rope-haulage'  is  the  regular  feeding  of  the  tubs.  In  chain-haulage,  experi- 
ence has  proved  that  on  a  level  road  the  following  distances  should  be 
maintained  between  the  tubs  : — 

Using  f-inch  chain,  about  13  yards. 
„       f-inch  chain,       ,,       17      ,, 
„       |-inch  chain,       ,,       20      „ 

The  chain  being  supported  at  regular  intervals,  the  tubs  become  a  series 
of  pulleys,  and  the  weight  of  the  chain  is  not  felt  to  the  extent  generally 
imagined,  especially  if  the  road  be  good  and  the  tubs  properly  lubricated. 

Particular  attention  should  be  given  to  greasing  the  tubs  in  any 
system  of  haulage.  The  stars  on  Fig.  1,  Plate  LXIII.,  and  Fig.  5, 
Plate  LXIY.,  indicate  the  positions  of  the  tub-greasers,  arranged  in  different 
parts  of  the  pit,  even  beyond  the  limits  of  the  chain  road.  It  has  often  been 
proved,  when  the  oil  contained  in  these  greasers  has  not  been  of  the  proper 
consistency  to  properly  lubricate  the  axle  of  the  tub  wheels,  that  the  chain 
has  broken,  or  the  ponies  could  only  draw  three  or  four  instead  of  live  Di- 
sk tubs,  and  the  boys  near  the  pit  shaft  have  experienced  difficulties  in 
feeding  (he  chain.  Had  the  cause  not  been  understood,  it  is  possible  the 
breakage,  etc.,  would  have  been  attributed  to  some  defect  in  the  machinery. 

When  the  chain  breaks,  the  following  method  of  repairing  it  is  adopted, 
which  is  undoubtedly  a  great  improvement  on  the  old  method.  Formerly, 
when  a  breakage  occurred  (even  with  one  link),  the  repairs  occupied  an 
hour  or  more  before  the  chain  could  be  pul  in  motion.  The  same  work 
is  now  done  in  from  20  to  80  minutes.  Instead  of  drawing  the  broken 
ends  together  by  means  of  screws  with  left  and  right-hand  threads,  and 
afterwards  coupling  together  with  C-links,  the  present  arrangemeni  is  to 
provide  two  lengths  of  chain,  each  about  25  yards  Ion-,  and  a  stock  of 
links   suitable  for  £,  §,  and   .\-ineh  chain.     The  link  suitable  for  f-inch 
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chain  is  of  the  following  dimensions,  viz. :  two  flat  pieces  of  iron  about 
4-inches  long,  ^-inch  thick,  with  two  holes  to  receive  f -inch  rivets,  leaving 
a  solid  thickness  of  iron  between  the  rivets  If -inches  long.  The  two 
rivets  required  are  made  from  good  iron  capable  of  being  riveted  cold. 
Assuming  the  chains  and  links  to  be  lying  in  readiness  on  the  haulage 
road,  then,  should  the  chain  break,  one  of  the  25-yards  pieces  is  inserted. 
The  empty  side  chain  is  next  fastened  to  a  special  bar  near  the  drum,  and 
the  full  side  drawn  tight  by  the  engine,  thus  causing  the  slack  chain  to  lie 
between  the  bar  and  the  drum.  A  piece  of  this  slack  chain  equal  in 
length  to  that  replaced  is  afterwards  cut  out,  and  the  two  ends  joined 
with  the  links  and  rivets  before  mentioned.  The  engine  is  then  reversed 
and  the  chain  released  from  the  special  bar.  By  this  improved  method  the 
chain  has  often  been  repaired,  and  the  corves  put  in  motion  within  20  to 
30  minutes,  as  before  stated.  A  similar  method  is  adopted  in  putting  in 
a  new  length  of  chain  and  taking  out  the  old.  The  chain  is  cut  on  the 
going-off  or  empty  side,  and  the  new  chain  is  attached  to  the  out-bye  end. 
The  engines  are  moved  slowly,  to  draw,  out  the  new  chain.  As  the  old 
chain  passes  round  the  drums  it  is  allowed  to  fall  into  empty  tubs  placed 
to  receive  it.  When  the  end  of  the  new  chain  is  reached,  the  old  piece  is 
cut  out,  and  the  connexion  made  as  previously  described. 

The  cost  of  labour  for  the  Stanley  Main  haulage  is  *80d.  per  ton  for 
the  whole  distance,  or  *73d.  per  ton  per  mile. 

For  the  Haigh  Moor  seam,  the  cost  of  labour  for  the  whole  distance 
from  the  26-inches  cylinder  engine  to  the  pit-bottom  is  "98d.  per  ton,  or 
"75d.  per  ton  per  mile. 

The  black  dots  on  Fig.  1,  Plate  LXIIL,  and  Fig.  5,  Plate  LXIV., 
represent  the  position  of  the  men  and  boys  at  different  points  on  the  roads, 
junctions,  and  near  the  pit-bottom  the  large  dots  being  men,  and  the 
small  dots,  boys. 

Silkstone  Seam  (420  Yards  Deep). 

In  addition  to  the  haulage  connected  with  the  Stanley  Main  and  Haigh 
Moor  seams,  a  similar  system  of  chain-haulage  was  erected  at  the  Silk- 
stone  pit  about  the  year  1872  (say  twenty  years  ago).  The  extent  of  this 
haulage  is  shown  in  Fig.  5,  Plate  LXIV..  The  engines  are  placed  at  a 
distance  of  66  yards  from  the  pit  shaft,  from  which  point  the  full  tubs  run 
by  gravitation  to  the  winding-shaft.  This  distance  gives  a  standage  room 
for  60  corves. 

The  empty  tabs  are  conveyed  by  means  of  a  short  length  of  chain 
passing  round  a  wheel  near  the  pit  to  the  main  upright  drum-shaft, 
on  which  the  other  drums  hereinafter  described  are  fixed.     The  hauling 
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engines  are  on  the  horizontal  principle,  with  steam  cylinders,  16-inches 
diameter,  2  feet  6  inches  stroke,  ami  geared  in  the  proportion  of  5  to  2. 
These  engines  are  supplied  with  steam  from  the  surface,  the  pressure 
obtained  being  about  3  to  4  lbs.  less  than  the  boilers.  The  distance  from 
the  boilers  to  the  engines  is  526  yards. 

The  chain  road  extends  from  the  engine-house  for  a  distance  of  1,630 
yards  to  the  point  B,  where  the  road  inclines  at  an  angle  of  about 
35°  for  a  further  length  of  330  yards.  It  intersects  the  main  cross- 
gate  ;it  the  point  C,  from  which  the  chain-haulage  extends  for  a 
further  distance  of  420  yards,  making  a  total  length  from  the  point  D  to 
the  engine-house  of  2,574  yards. 

The  arrangement  of  the  drum  at  the  point  A  near  the  engine-house 
is: — Alight  drum  for  working  the  empty  corves  to  the  shaft  already 
described  :  the  main  friction  drum  for  working  the  south  road  districl  ; 
and  a  drum  for  working  the  west  chain-road  district,  hereinafter  described. 
This  arrangement  of  drums  is  shown  in  Fig.  I.  Plate  LXIV.  The 
arrangement  of  the  drums  at  the  points  C  and  D  consists  of  an  upright 
shaft  with  two  drums,  each  4-feet  diameter,  and  similar  to  that  shown 
in  Fig.  4,  Plate  LXIV. 

At  the  end  of  the  haulage  road  there  is  the  usual  frame  and  wheel. 
The  chain  from  the  point  A  to  the  point  C  is  f-inch  diameter,  and  from 
C  to  D  $-inch  diameter. 

As  the  gradient  at  the  in-bye  end  of  the  crossgate  inclines  towards  the 
coal-face,  snickling  chains  from  5  to  6 -feet  long  are  used.  The  same  are 
attached  to  the  drawbar  and  main  chain.  They  are  also  used  on  a 
portion  of  the  road  from  B  to  C.  The  west  chain  road  extends  for  a 
distance  of  1,045  yards,  at  which  point  there  is  an  incline  616-yards 
long,  running  at  right  angles  to  the  west  road,  and  dipping  at  the  rate  of 
1  in  20.  The  upright  shaft  placed  in  the  west  chain  road  and  at  the 
before-mentioned  junction  is  fitted  with  three  drums.  The  lowest,  drum 
hauls  the  tubs  from  the  extreme  end  of  the  chain  road,  the  second  is 
arranged  to  correspond  with  the  drum  near  the  engine-house,  and  the 
highest  to  work  the  rope  on  the  incline  (Fig.  6.  Plate  LXIV.).  The 
chain  which  extends  from  the  junction  for  a  further  distance  of  484  yards 
is  (f-inch  diameter.  As  the  gradient  of  this  distance  is  such  that  the 
tubs  run  back,  lashing-chains  are  arranged  between  the  drawbar  and  the 
chain.  The  rope  lor  working  the  slant  is  a  single  rope,  the  empties 
being  lowered  with  a  brake.  Sixteen  tubs  form  a  set,  although  this 
quantity  could  be  increased  to  l'«i  if  required. 

In  addition  to  the  haulage  described,  there  was,  until  recently,  another 
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district  (shown  on  the  plan  by  the  letters  S  T)  worked  at  right  angles  with 
the  west  chain  road.     This  district  extended  for  a  distance  of  600  yards. 

The  tubs  in  this  pit  are  similar  in  construction  to  those  previously 
described,  and  hold  about  8  to  10  cwts.  of  coal.  In  consequence  of  the 
friable  nature  of  the  coal  and  to  prevent  the  small  dust  from  falling  on  to 
the  roads,  the  tubs  are  lined  with  sheet  steel,  and  the  boards  tongued  and 
grooved  with  a  similar  material.     This  makes  them  practically  dust-tight. 

The  roads  are  also  laid  with  6-feet  rails,  18  lbs.  to  the  yard,  resting  on 
sleepers  2f -inches  by  5-inches  wide.  The  haulage  roads  are  usually  about 
9 -feet  wide ;  the  difference  between  the  two  pits  is  that  in  this  pit  all  the 
haulage  roads  after  leaving  the  shaft  pillar  are  through  the  goaf,  whereas 
in  the  Stanley  Main  and  Haigh  Moor  pits  they  have  coal  sides,  with  the 
single  exception  of  the  Haigh  Moor  stone  drift. 

Electric  signals  are  used  on  all  the  main  haulage  roads.  To  avoid  con- 
fusion and  mistakes  in  signalling,  the  bells  of  the  west  and  south  chain 
roads  are  of  different  tones  and  thereby  distinguishable. 

The  greasers  are  of  the  same  pattern  as  those  already  referred  to,  and 
are  placed  in  all  parts  of  the  roadways. 

The  same  method  of  repairing  the  chain  is  also  adopted. 

Tests  of  Strengths  of  Chains. 
With  a  view  of  obtaining  some  information  on  the  reduced  strength 
of  chains  after  working  twelve  and  twenty-four  years  on  the  Stanley  Main 
haulage  roads,  the  effect  of  shocks,  crystallization,  loss  of  elasticity, 
reduced  area,  loss  due  to  welding,  etc.,  the  writer  suggested  the  following 
tests  to  Mr.  E.  P.  Taylor  (of  the  firm  of  Messrs.  E.  Baylie  &  Co.,  chain 
makers,  Stourbridge),  which  that  gentleman  has  kindly  made  with  the 
results  tabulated  below  : — 


Tests  of  Best  Best  Welding  Steel  Bars  selected 
from  Bulk. 

No.  1. 

No.  2. 

Date           

July  11,  1892 

July  11,  1892 

Nominal  size 

J  inch 

|  inch 

Diameter    ... 

•796     „ 

•796     „ 

Length 

10     „ 

10     „ 

Area            

•497  sq.  in. 

•497  sq.  in. 

Elastic  stress,  total 

8-8      tons 

8-9      tons 

„              per  square  inch  ... 
Ultimate  stress,  original  area,  total     ... 

17-7 
14-08       „ 

17-9       ■„ 
139         „ 

„                       „      per  square  inch 
„                fractured  area 

28-3 

■196  sq.  in. 

27-9 

•199  sq.  in. 

„                     „      per  square  inch 
Elongation,  total  ... 

71-8      tons 
3-l      inches 

69-8      tons 
2*8      inches 

,,               percent. 
Reduction  of  area  at  fracture 

31-0      per  cent. 
60-5            „ 

28-0     per  cent. 
59-9 

Remarks     ... 

fibrous 

fibrous 
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Tests  of  Chains. 



No.  3. 

No.  4. 

No.  5. 

July  12,  1892 

July  11,  1892 

Julv  11.1892 

Description  of  chain          

:;  inch  new  steel 

\  inch  f 

|  inch  § 

Nominal  Bize... 

J  inch 

f     „ 

a 

4          )] 

Brand 

Best  b< 

Number  of  links       

12 

7 

7 

Length  of  links        ...         

3-75      inches 

... 

Area  of  both  sides   ... 

•93      sq.  in. 

hi  smallest  or 

In  smallest  or 

broken  part 

broken  part 

=  '34  sq.  in., 

=  -19sq.  in., 

or     "68     sq. 

or     -38     sq. 

in.  for  both 

in.  for  both 

sides  \ 

sides  || 

Proof  strain  ... 

ti'75      tons 

4§  tons 

Breaking  strain,  Lloyd's  statutory 

135           „ 

,,          total  of  sample    ... 

21-57.-.       ,.     * 

1  1-2  ions 

6-9o  tons 

„           per  squan'  inch    ... 

■>■>..-> 

20-8     .. 

1 830     „ 

„          above  proof 

219  per  cent. 

Elongation  of  links,  total 

■5       inche 

... 

percent. 

13*3  per  cent. 

Posil  ion  of  fracture... 

Fourth  link  at 
weld 

Remarks       ...        ...         

Length  over- 

Length over-  i 

all         before 

all       before 

test=l  ft.Oj 

test=l  ii.f.} 

in.;     length. 

in.  ;    length, 

whenbroken 

whenbroken 

=  lft.77  in.; 

=  lft.6|  in.; 

total  length- 

total length- 

ening =   If 

ening    =    £ 

in. 

in. 

*  Particulars  of  elongation 


jength 

l>etween 

Strain  in 

Centre  Marks. 

Tons. 

Remarks 

25  inches 

0 

25 

n 

fif 

Proof  strain. 

25£ 

i> 

10 

26| 

!) 

12 

26j 

>) 

131 

Double  proof  strain,  insi 
Lloyd's  under  the  Cab 

27^ 

)l 

15 

274 

11 

16 

271 

!) 

17 

284 

1) 

18 

2sl 

J! 

19 

28| 

1) 

20 

SO 

,, 

21-5  75 

Broken. 

insisted  upon  by 


f  After  twelve  years'  wear. 

J  About  equal  in  sectional  area  to  a  new  |-inch  chain,  whose  proof  load  is 
4|  tons,  and  breaking  load  14  tons. 

§  After  twenty-tour  years'  wear. 

||  About  equal  in  sectional  area  to  a  new  small  -".-inch  chain,  whose  proof  load 
is  3  tons,  and  breaking  load  7}  tons. 
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Nos.  1  and  2  tests  show  the  strength  of  a  f-inch  bar  of  a  quality 
of  steel  specially  suitable  for  welding,  and  easily  manipulated  in  the  fire. 
The  breaking  strain  is  equal  to  28  tons  per  square  inch,  with  30  percent. 
of  elongation. 

No.  3  test  shows  the  strength  of  a  new  f-inch  chain,  which  did 
not  elongate  until  a  strain  of  10  tons  is  reached,  when  it  stretched 
regularly  at  the  rate  of  '25  inch  per  ton,  until  it  broke  at  21*575  tons, 
equal  to  23*2  tons  per  square  inch.  This  showed  a  reduction  of  strength 
due  to  welding  of  only  5  tons  per  square  inch. 

No.  4  test  shows  the  area  of  a  f-inch  chain.  After  12  years'  wear 
it  had  been  reduced  practically  to  a  f-inch  chain,  or  in  strength  by  2*5 
tons,  which  was  less  than  anticipated,  considering  the  wear  and  tear.  The 
amount  of  elasticity  was  nearly  the  same  as  the  new  chain  gave  at  the  same 
weight,  viz.,  TG25  inches  in  19*875  inches. 

No.  5  test  shows  the  area  of  a  f-inch  chain  after  21  years'  wear  to 
have  been  reduced  to  practically  an  ^-inch  chain,  or  in  strength  by  5  tons. 
Owing  to  the  ends  of  the  links  being  so  much  worn,  there  was  practically 
no  elasticity  left  in  this  sample. 

These  results  point  to  the  desirability  of  having  a  chain  as  large  and 
strong  as  possible,  compatible  with  the  extra  weight,  working  round  small 
drums,  etc.  "For  if  too  weak,  the  chain  is  robbed  of  its  elastic  properties, 
and  becomes  brittle  and  liable  to  break.  At  the  same  time  a  certain 
degree  of  hardness  is  necessary,  otherwise  the  links  wear  into  each  other 
and  cause  many  difficulties. 


The  President  said  they  were  all  much  obliged  to  Mr.  Garforth  for 
his  paper.  It  was  too  large  a  matter  to  enter  upon  its  discussion  that 
day.  He  should  therefore  only  ask  them  now  to  accord  to  Mr.  Garforth 
the  best  thanks  of  the  meeting. 

Mr.  Ritson  seconded  the  motion,  which  was  carried  unanimously. 

Mr.  Garforth  briefly  acknowledged  the  vote. 


Mr.  W.  Hoole  Chambers  then  read  the  following  paper  on  "Endless- 
Rope  Haulage  at  the  Thorncliffe,  Rockingham,  and  Tankersley  Col- 
lieries "  : — 


h 
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ENDLESS-ROPE      HAULAGE      AT      THE      THORNCLIFFE, 
ROCKINGHAM,   AND   TANKERSLEY  COLLIERIES. 


BY  W.  HOOLE  CIIAMI'.EKS. 


Introduction. 

In  giving  a  brief  account  of  the  rope  haulage  at  the  Thorncliffe 
and  Rockingham  collieries,  it  is  not  the  writer's  intention  to  enter  into 
an  elaborate  account  of  every  detail,  but  to  shortly  describe  what 
there  is  at  work,  to  draw  attention  to  a  few  points  which  are,  in  his 
opinion,  worthy  of  observation  in  reference  to  rope  haulage,  and,  finally,  to 
point  out  some  of  the  advantages  which  are  to  be  obtained  by  the  endless- 
rope  system.  Also  to  show  where  the  overhead  system  of  haulage  has  its 
advantages.  In  order  to  accomplish  this  object  it  will  be  necessary  to 
give  detailed  particulars  of  the  various  arrangements  at  the  Tankersley 
No.  2  Colliery.  The  writer  will  therefore  describe  succinctly,  firstly, 
the  machinery  which  drives  the  endless-rope;  secondly,  follow  the  rope 
arrangements  with  the  gearing  attached  to  it  at  various  points  ;  thirdly, 
point  out  one  or  two  details  in  the  arrangements  of  the  roads  which  will 
be  of  interest ;  and  fourthly,  deal  with  the  question  of  cost. 

Rockingham  Colliery. 
There  is  a  horizontal  engine,  with  a  pair  of  cylinders  each  16-inches 
diameter,  with  a  2-feet  stroke,  working  with  50  lbs.  steam  at  40  revolu- 
tions per  minute,  and  geared  down  8  to  1.  The  diameter  of  the  main 
driving  pulley  is  6  feet,  and  operates  a  rope  1-inch  diameter.  The 
engine  being  fixed  on  the  surface,  the  rope  goes  down  the  shaft  and  on 
a  level  about  400  yards  long  to  a  place  where  there  is  a  junction  with 
two  levels  branching  out.  The  length  of  the  rope  is  2,100  yards.  The 
central  level,  which  is  the  longest,  has  5,280  yards  of  rope  f-inch  diameter 
working  on  it,  and  driven  by  the  former  rope.  The  east  slant  has  1,700 
yards  of  rope  working  down  it  of  the  same  diameter.  In  all  there  is  a 
total  length  of  9,080  yards  of  rope  at  work. 

'Pin;  Deife  Pit,  Thorncliffe  Collieries. 
There  is  a  horizontal  engine,  with  two  cylinders  each  22-inches 
diameter,  and  4-feet  7-inches  stroke,  geared  down  8  to  1  at  twice.  The 
diameter  of  the  driving  pulley  is  8  feet.  The  diameter  of  the  main- 
incline  rope  is  lj-  inches.  This  incline  from  the  surface  is  over  1,200- 
yardslong,  with  a  gradient  against  the  full  load  averaging  l  in  10.     The 
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length  of  the  main-incline  rope  is  2,860  yards.  At  the  bottom  of  this 
incline  there  are  two  levels,'one  to  the  south  and  one  to  the  north.  These 
levels  have  each  separate  ropes,  and  their  driving  wheels  are  thrown  in 
and  out  of  gear  by  "Walker  and  Fisher  friction  gear.  The  south  level 
has  7,100  yards  of  rope,  and  the  north  3,752  yards.  In  all  there  is  a 
total  length  of  13,712  yards  of  rope. 

Norfolk  Pit,  Thorncliffe  Collieries. 

There  is  a  horizontal  engine,  with  two  cylinders  each  15-inches  diameter, 
and  2-feet  6-inches  stroke,  geared  down  8  to  1  at  twice.  The  main  driving 
pulley  is  8-feet  diameter.  The  main-rope  working  an  incline  to  the  dip 
is  If -inches  diameter.  The  gradient  of  this  incline  is  unequal,  varying 
from  1  in  1 0  against  the  full  load  to  1  in  5  in  some  parts.  There  are  two 
levels  worked  by  this  rope,  one  part  of  the  way  down  and  one  at  the  bottom 
of  the  incline.  The  rope  also  works  a  pair  of  double-acting  horizontal 
pumps  6-inches  diameter  and  2-feet  stroke,  pumping  against  a  head  of 
water  equal  to  a  pressure  of  160  lbs.  per  square  inch.  The  levels  are 
worked  by  Walker  and  Fisher  friction  gear.  The  incline  rope  is  2,800- 
yards  long.  The  No.  1  level  rope  is  2,200-yards  long,  and  the  bottom 
level  rope  4,100-yards  long.  These  ropes  are  |-inch  diameter.  There 
is  a  total  length  of  9,100  yards  of  rope  worked  by  this  engine. 

Smithy  Wood  Incline,  Thorncliffe  Collieries. 
This  is  an  incline  driven  from  the  surface  to  the  Silkstone  seam 
of  coal.  There  is  a  horizontal  engine  with  two  cylinders  each  14-inches 
diameter  and  1 6-inches  stroke,  geared  down  8  to  1.  The  main  driving 
wheel  is  6-feet  diameter.  The  gradient  of  the  incline  is  about  1  in  10. 
The  diameter  of  the  rope  at  present  in  use  is  f  inch.  This  rope  also 
drives  a  pair  of  Cameron  pumps  at  the  bottom  of  the  incline.  The 
pumps  are  6-inches  diameter  and  2-feet  stroke,  working  at  about  50 
revolutions  per  minute  against  a  head  of  water  equal  to  a  pressure  of 
25  lbs.  per  square  inch.     The  length  of  this  rope  is  2,000  yards. 


Name  of  CoiHery. 

Cylinders. 

Engine. 

Length  of 
Ropes. 

No. 

Diameter. 

Stroke. 

Drift  Pit     

Norfolk  Pit 
Smithy  Wood 

Tankersley 

Rockingham 

Total 

2 
2 
2 
2 
2 

Inches. 
22 
15 
14 
14 
16 

Inches. 
55 
30 
16 
16 
24 

Geared  at 
8  to  1 
8  to  1 
8   to   1 

26  to  1 
8  to  1 

Yards. 

13,712 
9,100 
2,000 

10,550 
9,080 

44,442 

92  BNBLESS-BOPB    HAULAGE. 

TaXKKRSI.KV   OOLLIBET. 

The  rope-haulage  at  the  Tankersley  colliery  is  fixed  at  the  Thin  coal 
shaft,  and  the  whole  of  the  ropes  are  driven  by  a  pair  of  14-inches 
diameter  horizontal  cylinders  of  16-inches  stroke,  working  with  about 
40  lbs.  of  steam.  This  engine  works  on  the  third  motion  and  is  geared 
down  about  26  to  1.  The  pistons  travel  at  the  rate  of  120  revolutions 
per  minute.  The  taper-drum  is  8-fect  diameter  in  the  largest  part,  and 
works  vert  ically.  The  rope  is  placed  3£  times  round  the  drum,  occupying 
about  o!,  inches  of  space.  The  taper  of  the  drum  is  1  inch  in  6  inches. 
The  full  rope  comes  on  to  the  larger  diameter  and  the  empty  rope  passes 
off  the  smaller  diameter.  The  speed  at  which  the  rope  travels  is 
as  nearly  as  possible  1^  miles  an  hour.  The  rope  is  loaded  with 
two  full  corves  on  each  chain,  placed  10  yards  apart ;  the  empty  corves 
being  put  on  in  setts  of  four,  placed  20  yards  apart,  with  chains  at  both 
back  and  front.  This  rope,  if  kept  going,  can  deliver  528  corves  per 
hour.  The  rope  which  is  attached  to  this  engine  is  made  of  plough  steel, 
it  is  3^  inches  in  circumference  and  2,550-yards  long. 

The  engine  is  on  the  surface,  and  the  full  rope  passes  down  the  shaft 
round  5-feet  pulleys  at  both  top  and  bottom  on  to  a  drum  in  the  pit 
bottom,  which  is  fixed  on  an  upright  shaft.  This  drum  is  7-feet  diameter, 
and  tapered  with  a  width  of  4  inches.  On  the  same  shaft  is  a  spur  wheel 
7-feet  diameter,  working  into  another  spur  wheel  on  another  shaft  used 
for  driving  the  Park  Gate  seam  haulage.  On  the  7-feet  drum,  the  full 
rope  coming  up  the  incline  comes  on  to  the  top  or  largest  diameter  of  the 
drum,  and  leaves  on  the  bottom  or  smallest  diameter.  The  rope  then 
passes  down  the  main  incline,  which  has  a  dip  of  about  1  in  14  (where 
there  are  no  special  rope  arrangements)  to  the  bottom  of  the  incline, 
where  there  is  a  vertical  shaft  with  three  drums  working  upon  the  same 
shaft.  The  drum  which  receives  the  main  or  incline  rope  is  7-feet 
diameter,  and  tapered.  The  rope  is  taken  past  this  drum,  passed  round 
a  pulley  working  on  a  travelling  carriage,  travelling  on  ordinary  pit 
rails,  and  weighted  for  the  purpose  of  taking  any  slack  rope  up  which 
may  be  there.     The  rope  then  returns  up  the  incline  to  the  engine. 

At  the  bottom  of  the  incline  there  are  two  drums  placed  on  the 
vertical  shaft,  besides  the  one  which  is  used  by  the  main  or  incline  rope. 
These  drums  are  used  for  working  Nos.  5  and  G  levels ;  they  are  each  6-feet 
diameter,  and  tapered.  There  is  one  peculiarity  of  the  drums  on  this 
vertical  shaft  ;  in  the  others  the  taper  is  placed  down  hill,  so  that  the 
smallest  diameter  is  at  tin.'  bottom,  in  this  case  the  smallest  diameter  is 
placed  at  the  top,  the  coming-on  rope  arriving  at  the  low  side  of  the  drum, 
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and  the  going-off  rope  leaving  at  the  top  of  the  drum,  which  is  the  smallest 
in  diameter.  This  arrangement  is  found  to  work  more  sweetly  and 
smoothly  than  the  reverse  way.  Each  of  these  drams  is  fitted  with  fric- 
tion gear  for  throwing  either  level  in  and  out  of  gear,  so  that  either  level 
can  he  worked  without  affecting  the  other,  or  the  main  rope  with  both 
levels  standing,  or  either  one  or  both  running. 

The  writer  cannot  give  a  detailed  sketch  of  the  arrangements  at  the 
bottom  of  the  Tankersley  incline,  but  Figs.  1,  2,  3,  and  4,  Plate  LXV.,  show 
the  plan  adopted  at  the  incline  bottom  at  the  Drift  Pit,  Thorncliffe  collier- 
ies. It  is  not  exactly  identical,  but  it  will  serve  to  show  the  application  of 
the  friction  gear.  In  the  case  of  the  Tankersley  incline,  there  are  three 
wheels  working  on  one  shaft;  this  plan,  however,  requires  considerable 
height,  but  where  it  is  possible,  the  Tankersley  plan  is  better  than  the 
one  exhibited.  A  difference  in  speed  of  any  of  the  ropes  in  working,  if 
desired  is  easily  accomplished  by  varying  the  size  of  the  driving  dram  or 
pulley.  In  the  case  given  in  Fig.  1  a  different  method  has  been  adopted, 
viz.,  that  of  having  three  separate  shafts  worked  with  spur  gearing.  The 
centre  shaft  is  the  one  round  which  the  incline  rope  works,  and  is  the 
driving  shaft  for  the  two  levels.  The  pulley  in  this  case  is  7  feet  diameter, 
and  the  spur  wheel  is  4  feet  1  inch  in  diameter.  The  south-side 
level  spur  wheel  is  8-feet  2-inches  diameter,  and  that  on  the  north-side  is 
7  feet  5  inches,  so  that  the  speed  is  differently  reduced  in  each  case.  The 
size  of  the  pulleys  is  6  feet  instead  of  7  feet,  still  further  reducing  the 
speed  of  the  level  ropes.  Walker  and  Fisher  friction  gear  is  used  on  the 
two  level  shafts.  The  diameter  of  the  disc  on  the  shaft  round  which  the 
friction  is  applied  is  2  feet.  The  pressure  is  brought  to  bear  on  this 
disc,  which  is  keyed  on  to  the  shaft  by  four  separate  clams,  fitted  with 
right  and  left-hand  screws,  as  shown  in  Fig.  5,  Plate  LXV.  These  clams 
are  tightened  or  loosened  by  four  arms,  lowered  or  raised,  as  the  case  may 
be,  by  a  loose  cylinder  placed  round  the  main  upright  shaft.  This 
cylinder  is  raised  or  lowered  by  two  arms  which  are  studded  on  to  it,  and 
keyed  fast  on  to  an  horizontal  shaft  6-feet  6-inches  long  in  this  case,  but 
practically  of  unlimited  length.  On  the  other  end  of  this  shaft  is  another 
arm  keyed  on,  1-foot  long.  The  length  of  these  arms  can  be  varied  in 
any  proportion  which  seems  desirable.  The  other  end  of  the  arm  is  fitted 
with  a  screw  through  which  the  upright  shaft  works.  This  shaft  is  fitted 
with  a  solid  wheel  with  a  handle  at  the  bottom,  and  brought  within  easy 
reach  of  the  engineman,  who  can  thus  throw  either  drum  in  or  out  of  gear 
very  rapidly.  The  writer  has  frequently  had  reason  to  try  the  efficiency 
of  this  arrangement,  and  found  that  the  drams,  either  one  or  both,  can  be 
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thrown  out  of  gear  and  absolutely  stopped  in  seven  seconds,  and  thrown 
in  again  in  twelve  seconds.  At  the  speed,  the  rope  travels  it  would  not 
have  travelled  more  than  4  yards  before  being  brought  to  rest.  The 
advantages  of  this  arrangement  are  the  rapidity  with  which  it  is  done, 
and  the  avoidance  of  any  jar  or  strain  upon  the  rope  such  as  there  is  in 
clutch  gear,  especially  when  the  rope  is  heavily  loaded  or  the  corves 
"  fast." 

No.  5  Level. 

The  No.  5  level  is  the  longest  of  the  two,  extending  where  the  rope 
runs  for  about  2,000  yards,  thus  making  a  rope  of  slightly  over  4,000 
yards,  and  |-inch  diameter. 

Figs.  6,  7,  and  8,  Plate  LXV.,  show  the  travelling  carriage  adopted  at 
the  far  end  of  the  level  for  tightening  the  rope,  in  addition  to  the  self- 
acting  travelling  carriage  placed  behind  the  main  driving-shaft,  and  its 
use  is  most  serviceable,  and  indeed  essential,  in  the  case  of  a  rope  of  such 
a  length. 

The  corves  are  attached  to  the  rope,  as  in  the  case  of  the  main  incline, 
by  chains  10-feet  long,  with  a  link  at  one  end  and  a  hook  at  the  other, 
the  chain  pissing  three  or  four  times  round  the  rope  and  then  through  the 
hook  so  that  it  tightens  on  the  rope.  This  road  is  undulating  as  it  crosses 
four  faults  in  this  distance,  consequently  the  corves  are  hooked  on  in  sets 
of  four  with  chains  at  both  back  and  front,  so  that  the  corves  will  travel 
with  equal  safety  either  up  or  down  hill. 

No.  6  Level. 

The  length  of  the  No.  6  level  is  about  876  yards  where  the  rope  goes, 
involving  the  use  of  1,800  yards  of  rope.  This  level  has  an  average 
though  not  uniform  dip  of  about  1  in  20  with  the  empty  load.  The 
chains  and  loads  are  attached  in  the  same  way  as  in  the  incline. 

Park; j ate  Seam. 

The  drum  for  the  Parkgate  haulage  is  5-feet  diameter,  and  is  placed 
on  a  vertical  shaft.  The  incline  rope  is  geared  at  the  rate  of  about  1.'  to  1 
of  the  Parkgate  rope.  The  drum  is  thrown  in  and  out  of  gear  by  means 
of  the  ordinary  clutch,  but  it  has  not  proved  a  satisfactory  arrange- 
ment, as  the  sudden  strain  upon  the  clutch  by  its  immediately  taking  hold 
of  the  full  rope  has  been  found  detrimental.  The  width  of  this  drum  is 
8£  inches,  and  it  is  tapered.  The  rope  is  2|  inches  in  circumference;  the 
length  of  this  rope  is  800  yards  to  Xo.  2  junction,  where  another  upright 
shaft   is  fixed  with  two  ilnuns,  one   for  working  the  main  rope,  and  the 
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other  for  working  the  No.  2  level.     This  drum  is  thrown  in  and  out  of 
gear  by  friction  gear.     The  total  length  of  rope  is  1,400  yards. 

The  main  rope  in  the  Parkgate  seam  has  a  very  uneven  road  to  travel, 
consequently  the  strain  is  very  great.  Going  from  the  pit-bottom  there 
is  a  rise  of  1  in  5  for  100  yards,  next  there  is  a  fall  of  1  in  16  for  300 
yards.  The  strain  upon  an  overhead  rope  at  the  crown  of  the  hill  and 
the  tendency  to  pull  it  to  the  floor  are  very  great,  and  the  following 
arrangement  of  pulleys  has  been  provided  to  keep  the  rope  up.  (See 
Figs.  8  and  10,  Plate  LXV.)  These  pulleys  are  invariably  adopted  at 
hanging-on  stations  at  these  collieries,  with  a  modification  in  the  angle  at 
which  they  are  set  in  cases  of  level  ropes  and  where  the  strain  is  not  so 
great.  The  pulleys  are  of  crucible  cast  steel,  with  ribs  on  the  largest  part 
of  their  diameter  of  1  foot  6  inches.  The  pulleys  are  bell-shaped,  and 
9-inches  diameter  at  the  smallest  part  where  the  rope  works.  The  top 
diameter  is  1  foot  3  inches.  The  axles  are  1  ^-inches  diameter,  with  a 
cotter  and  washer  underneath  for  the  pulley  to  work  on,  so  that  the  pulley 
can  be  taken  off  without  disturbing  the  axle  or  pulley-bar.  They  are  set 
at  varying  angles,  according  to  the  weight  on  the  rope  and  the  tendency  of 
the  rope  to  drop  to  the  floor.  The  ribs  are  placed  on  the  lower  diameter 
of  the  pulley  to  facilitate  the  passing  of  the  chains  through  the  pulleys, 
and  are  very  effectual  for  that  purpose. 

There  are  altogether  10,550  yards  of  rope  driven  by  the  engine.  At 
different  prices,  and  counting  the  average  length  of  life  at  three  years,  the 
cost  of  ropes  is  0*477d.  per  ton. 

There  are  two  items  of  interest  in  reference  to  the  arrangement  of 
roads  which  present  special  features  :  first,  the  arrangements  at  the  pit 
bottom  (Figs.  11  and  12,  Plate  LXV.).  The  main  haulage-road  is  an 
incline  starting  directly  opposite  the  shaft,  and  going  down  for  about 
1,000  yards  at  a  dip  of  1  in  16  or  thereabouts.  The  dip  is  not  regular 
throughout,  but  varies  in  different  places.  In  order  to  facilitate  operations 
at  the  pit-bottom  and  to  employ  as  few  hands  as  possible,  by  taking  down 
the  roof  for  53  yards  away  from  the  shaft,  the  full  road  has  a  rising 
gradient  of  1  in  48.  Of  course  the  full  road  then  falls  more  rapidly  until 
it  rejoins  the  seam  lower  down.  By  this  means  the  full  corves  when  they 
leave  the  rope  run  themselves  to  the  shaft  side,  and  good  standing  room  is 
secured. 

The  empty  road  is  dinted  from  the  pit-bottom,  and  by  running  this 
dinting  a  long  distance  down  the  incline  the  empty  corves  can  be  run  down 
to  the  rope,  which  is  conveyed  down  to  them  by  pulleys. 
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At  bhe  pit-bottom  the  roads  close  to  the  cage  are  reduced  to  two,  and 
points  and  crossings  are  so  arranged  thai  corves  on  either  road  can  be 
passed  to  cither  cage.  The  crossings  and  points  here  are  laid  on  solid 
3  inches  planking,  and  are  made  out  of  flat  iron  2  inches  by  1  inch.  By 
this  means  a  perfectly  Ann  foundation  is  secured,  and  should  the  corves 
get  off  the  road  at  any  time  they  are  not  far  to  lift.  It  would  be 
impossible  to  get  so  firm  an  arrangement  in  anything  like  the  same  space 
with  ordinary  rails. 

It  will  be  seen  that  there  are  four  full  roads  for  stocking  corves,  and 
there  is  room  to  stock  over  150  full  corves.  There  is  also  a  reserve  road 
branching  out  to  the  left-hand,  where  a  large  number  can  be  stored. 

At  the  bottom  of  the  incline  the  ropes  of  both  No.  5  and  6  levels  go 
along  No.  5  level  for  a  distance  of  50  yards,  and  the  question  naturally 
presented  was  how  to  get  the  empties  and  full  corves  from  one  point  to 
the  other  with  the  least  number  of  workmen.  Taking  advantage  of  the 
rise  of  the  incline,  the  empty  corves  are  detached  from  the  ropes  34  yards 
up  the  incline  at  the  point  A,  and  passed  over  the  full  road  (which  is 
dinted  down  for  the  purpose),  and  run  by  their  own  gravity  to  point  C 
(Figs.  13  and  14,  Plate  LXV.),  where  a  pair  of  points  turns  them  either 
into  No.  5  or  6  level  as  required.  They  are  here  attached  to  either  rope 
as  required.  The  full  corves  are  brought  up  on  to  an  elevated  stage  by 
either  level  at  point  C,  pass  over  the  top  of  the  empty  corves,  and  run  by 
their  own  gravity  to  point  B,  where  they  are  attached  to  the  main-incline 
rope,  which  is  kept  down  to  this  level  by  a  broad  steel  pulley  placed  for 
the  purpose.     This  arrangement  answers  very  well. 

No  endless-ro] >e  arrangements  are  complete  unless  attention  is  paid 
to  the  putting  of  "getters"  on  both  the  full  and  empty  roads.  These 
should  not  be  more  than  20  to  30  yards  apart,  and  if  properly  arranged 
(somewhat  after  the  manner  suggested  by  Mr.  Tff.H,  Mitchell  in  his 
paper)  they  will  almost  totally  obviate  any  stoppages  in  consequence  of 
corves  getting  off  the  road,  as  they  will  almost  invariably  put  them  on 
again  without  any  damage  being  done. 

The  writer  is  not  in  a  position  to  produce  indicator  diagrams  taken 
from  tin'  engines  at  Tankersley  colliery,  but  the  present  incline  rope 
which  is  doing  all  the  haulage  has  now  been  at  work  over  three  years,  and 
has  drawn  over  450,000  tons  of  coal. 

I -a  hour. 
The   following  table  shows  the  staff  of  workpeople  engaged  on  the 
ropes  at  Xo.  -j  pit,  Tankersley  collieries  : — 


ien. 

Boys. 

Roadmen. 

2 

— 

1 

— 

1 

1 

— 

1 

3 

— 

2 

1 

3 

7 

2 
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Thin  Coal  Seem. 
Pit  bottom 

No.  3  junction,  1  station 
Bottom  of  incline,  1  station 
Junction  No.  5  level,  1  station 

No.  6  level,  4  stations  

No.  5  level,  9  stations 

Park  Gate  Seam. 
5  stations         ...         ...         ...         ...         —         ...         6         ...  1 

1  rope  and  signalman  over  all. 

The  staff  of  men  varies  according  to  the  quantity  of  coal  and  the  diffi- 
culties of  manipulation.  In  some  cases,  as  on  No.  5  level,  more  than  one 
man  is  required  at  a  station,  and  in  others  one  lad  will  hang  on  at  more 
than  one  station  ;  thus  at  No.  6  level,  two  lads,  under  the  supervision  of 
the  roadman,  provide  for  four  stations,  and  when  the  roadman  is  away 
attending  to  other  portions  of  the  work,  they  manage  alone.  The  pulleys 
previously  described  tend  very  much  to  diminish  the  labour  connected 
with,  and  facilitate  the  process  of,  attaching  the  corves  to  the  ropes. 

Cost. 

The  writer  has  gone  very  particularly  into  the  question  of  cost,  and 
after  very  careful  consideration  has  taken  the  Newbegin  or  far-end  district 
as  the  best  for  giving  a  reliable  estimate  as  to  what  the  cost  of  haulage 
of  coal  may  be. 

In  making  out  the  cost,  the  writer  charged  the  coal  from  this  district 
with  the  total  cost  of  its  own  district  and  its  fair  proportion  of  the  cost, 
according  to  tonnage,  of  every  pair  of  hands  it  has  gone  through  up  to 
the  pit  bottom,  and  also  its  proportion  of  the  wages  of  the  engineman. 
This  coal  is  drawn  by  ropes  3,000  yards  in  length,  and  the  total  cost  per 
ton  in  wages  for  twelve  months  (including  the  40  per  cent.)  is  2'12d.  per 
ton,  or  l'24d.  per  ton  per  mile.  If  the  40  per  cent,  were  deducted,  it 
would  leave  a  cost  of  0"88d.  per  ton  per  mile.  When  the  fact  is  taken 
into  account  that  this  is  in  a  thin  seam  of  coal,  from  2-feet  ti -inches  to 
1-foot  10-inches  in  thickness,  and  that  the  corves  average  only  5  cwt.  3 
qrs.  of  coal,  thus  entailing  the  haulage  of  a  very  large  number  of  corves 
for  a  given  output,  this  cost  cannot  be  regarded  as  excessive.  The  writer 
also  points  out  that  were  larger  corves  brought  into  use  a  very  much 
greater  quantity  of  coal  could  be  passed  through  the  same  number  of 
hands  at,  of  course,  a  corresponding  reduction  in  the  cost  per  ton  of 
wages,  and  in  the  cost  of  ropes  as  well. 

Conclusions. 
The  writer  cannot  conclude  this  paper  without  pointing  out  what  he 
considers  to  be  the  advantages  of  endless-rope  haulage.     Under  ordinary 
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circumstances  there  is  a  great  advantage  in  the  regularity  with  which  the 
pit-bottom  is  fed  with  full  corves,  and  if  there  is  sufficient  standing  room 
at  the  shaft  the  pit  should  be  able  to  keep  drawing  for  f  hour  after  the 
rope  is  stopped. 

The  slow  rate  at  which  the  corves  travel  renders  them  less  liable  to 
get  off  the  road,  and  when  they  do  get  off  there  is  less  risk  of  breakage  of 
corves,  and,  consequently,  fewer  repairs.  The  greater  cheapness  in  the 
cost  of  ropes  is  illustrated  by  the  figures  given  in  an  earlier  portion  of 
this  paper,  and  has  also  been  alluded  to  by  several  members  of  this 
Institute  on  former  occasions.  The  extra  duration  in  the  life  of  the 
ropes  is  also  remarkable  in  comparison  with  that  in  the  case  of  main- 
and-tail-rope  haulage. 

In  all  mines  where  the  inclination  is  against  the  full  road,  there  is  a 
compensating  balance  in  the  empty  corves,  so  that  really  there  is  only  the 
weight  of  coal  and  the  friction  to  be  overcome. 

In  the  matter  of  safety  it  cannot  be  denied  that  there  is  much  greater 
safety  by  the  slow-speed  haulage.  Kun-riders  are  unknown  ;  there  is  no 
danger  of  portions  of  trains  breaking  loose  and  running  down  steep 
gradients  to  the  peril  of  workpeople  or  ponies,  whilst  the  slow  speed 
affords  ample  time  for  all  to  keep  out  of  the  way  of  danger. 

It  has  been  alleged  against  the  endless-rope  system  that  a  much  larger 
stock  of  corves  is  required  than  with  the  main-and-tail  rope.  This  is  true 
enough,  but  it  is  somewhat  compensated  for  by  the  lessened  cost  of  ropes 
and  the  reduced  amount  spent  in  the  repairs  of  corves,  etc. 

Another  objection  is  that  a  wider  road  is  required  for  endless-rope 
haulage,  although  the  writer  has  never  found  any  place  where  one  main- 
and-tail-rope  on  a  6-feet  road  could  produce  1,200  tons  per  day.  But  there 
are  many  9-feet  roads  with  endless-rope  haulage  which  easily  do  that 
quantity.  If,  therefore,  to  maintain  the  output  two  roads  6  feet  wide  are 
required,  the  road-making  will  be  under  ordinary  circumstances  the  more 
costly  of  the  two. 

The  writer,  in  conclusion,  would  point  out  that  the  system  of  ropes 
overhead  which  has  been  adopted  at  these  collieries  appears  to  give 
great  facility  in  dealing  with  the  corves  and  ropes  in  case  of  any  acci- 
dents ;  that  in  an  undulating  road  there  is  much  more  freedom  and  play 
for  the  rope,  providing  it  be  not  bound  too  tightly  ;  and,  lastly,  that  in 
passing  round  curves  the  ropes  and  corves  can  be  very  much  more  readily 
dealt  with  than  by  any  other  system  of  endless-rope  which  the  writer  has 
seen. 
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The  President  said  that  if  no  one  wished  to  ask  any  questions  he 
should  ask  them  to  accord  their  best  thanks  to  Mr.  Chambers  for  his 
paper,  to  whom,  as  to  Mr.  Garforth,  they  were  obliged  for  bringing 
forward  further  matter  in  connexion  with  the  subject  of  haulage.  The 
discussion  would  have  to  be  adjourned,  and  he  moved  that  the  best 
thanks  of  the  meeting  be  given  to  Mr.  Chambers. 

Mr.  Garforth  seconded  the  motion,  which,  having  been  carried, 
Mr.  W.  Hoole  Chambers  acknowledged,  and  said  he  was  sorry  he 
had  not  been  able  to  supply  more  details,  but  he  hoped  what  there  was 
would  be  of  use  to  the  Institute. 


ELECTION  OF  OFFICERS. 
The  Scrutineers  reported  the  result  of  the  election  of  officers  for 
the  year  1892-93  as  follows  : — 

Peesident. 
W.  E.  Garforth,  Esq.,  M.  Inst.  C.E.,  F.G.S. 

Vice-Presidents. 
J.  Nevin,  Esq.,  Wm.  Hargreaves,  Esq.,  H.  B.  Nash,  Esq. 

Council. 
J.  E.  Chambers,  Esq. 


Wm.   Hy.  Chambers,  Esq. 
W.  Hoole  Chambers,  Esq. 
M.  Hall,  Esq. 


S.  H.  Hedley,  Esq. 
J.  Longbotham,  Esq. 
A.  B.  Southall,  Esq. 
E.  W.  Thirkell,  Esq. 


Secretary  and  Treasurer. 
T.  W.  H.  Mitchell,  Esq. 

Mr.  Jos.  Mitchell,  Retiring  President,  said  it  gave  him  great 
pleasure  to  have  the  honour  of  leaving  that  chair  in  the  hands  of  Mr. 
Garforth,  who  was  always  willing,  and  did  his  best  not  only  for  the 
Institute  but  for  all  mining  interests.  He  would  fill  the  chair  with  credit 
to  himself  and  honour  to  the  Institute. 

The  President  on  taking  the  chair  thanked  the  members  very  much 
for  the  compliment  by  electing  him  their  President.  He  had  always 
taken  a  deep  interest  in  the  work  of  the  Institute,  and  would  do  his 
utmost  in  the  future  to  promote  its  best  interests.  If  he  had  the  cordial 
co-operation  of  the  Vice-Presidents,  Council,  and  members,  like  his 
predecessors  in  the  chair  had,  he  hoped  the  Institute  would  be  in  no 
worse  position  at  the  end  of  twelve  months  than  it  was  at  present.  He 
felt  there  were  many  members  who  should  have  taken  precedence  of  him 
as  President,  but  he  could  only  bow  to  their  decision.     One  thing  he 
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should  like  to  do,  and  that  was  to  ask  them  to  pass  a  cordial  vote  of 
thanks  to  their  Past-President  for  his  conduct  in  the  chair.  As  they 
knew,  Mr.  Mitchell  occupied  the  position  of  Secretary  for  many  years. 
He  took  the  post  when  the  Institute  was  in  a  very  deplorable  state  as 
regarded  its  finances,  but  by  careful  watching,  and  by  being  in  the 
midst  of  this  mining  centre  of  Barnsley,  he  had,  by  great  labour  and 
trouble,  raised  the  Institute  to  the  position  they  had  heard  that  day, 
namely,  that  they  now  had  a  capital  of  £418  without  anj  liabilities,  and 
with  a  good  balance  at  the  bank.  lie  felt  sure  that  of  all  the  officers 
connected  with  the  Midland  Institute  their  best  thanks  were  due  to  Mr. 
Mitchell  for  the  exertions  he  had  made,  and  he  asked  them  to  accord  to 
him  their  hearty  thanks. 

The  proposition  was  carried  by  acclamation. 

Mr.  Jos.  Mitchell  said  he  did  not  feel  that  he  deserved  so  warm  a 
greeting  as  they  had  given  him.  It  had  always  been  a  pleasure  to  him  to 
be  amongst  them.  As  the  President  said,  he  had  had  the  pleasure  of 
acting  as  Secretary  for  many  years,  and  he  was  proud  to  think  that  in 
now  leaving  the  chair  he  left  the  Institute  free  from  debt.  They  owed 
about  £400  when  he  became  officially  connected  with  the  Institute,  so  it 
was  a  great  satisfaction  to  him,  as  he  was  certain  it  was  to  all  the  members, 
that  they  had  to-day  a  balance  to  their  credit.  He  again  expressed  the 
hope  that  their  numbers  would  increase,  that  papers  would  be  given  upon 
the  ordinary  working  of  the  day,  on  any  improved  appliances,  on  any- 
thing connected  with  engines  and  mechanics,  and  anything  connected  with 
mining.  He  hoped  the  younger  members  would  see  it  was  their  duty  and 
privilege  to  come  amongst  them,  to  give  their  ideas,  which  the  members 
generally  would  be  glad  to  hear,  and  to  help  them  by  any  improvement 
they  could  suggest,  so  that  good  might  be  scattered  all  round.  It  was 
now  his  pleasure  and  duty  to  move  that  their  best  thanks  be  given  to 
the  Vice-Presidents  and  Council  who  had  attended  to  the  work  of  the  past 
year.  They  had  worked  well,  and  though  some  of  them  had  not  been 
able  to  attend  as  they  might  have  wished  to  have  done  their  heart  had  been 
with  them.  He  hoped  the  Council  would  rally  round  Mr.  Garforth  and 
help  him  to  increase  the  usefulness  of  the  Institute,  that  they  would 
emulate  the  example  of  those  who  had  gone  before,  and  bring  about  a 
success  greater  than  had  ever  been  achieved.  Personally  he  was  much 
indebted  to  the  Vice-Presidents  and  Council  for  their  work,  and  he  had 
great  pleasure  in  proposing  that  the  best  thanks  of  the  Institute  be  given 
to  them. 

Mr.  Ovkrkxd  seconded  the  motion,  which  was  carried  unanimously. 
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PRESENTATION  TO  MR.  GERRARD. 

The  annual  dinner  was  held  in  the  evening  at  the  Queen  Hotel, 
Barnsley,  TV.  E.  Garforth,  Esq.,  President,  in  the  chair.  Advantage  was 
taken  of  the  occasion  to  present  Mr.  John  Gerrard,  Her  Majesty's 
Inspector  of  Mines  for  Lancashire,  with  his  portrait,  as  a  token  of  esteem 
on  his  leaving  Yorkshire  to  take  up  his  new  duties  in  Lancashire.  The 
portrait,  painted  by  Mr.  Lowcock,  of  London,  was  exhibited  in  the  room. 

Mr.  Jos.  Mitchell  said  he  had  great  pleasure  in  presenting  that 
portrait  to  Mr.  Gerrard,  on  behalf  of  the  members  who  wished  to  recognize 
what  he  had  done  for  the  Midland  Institute.  It  had  nothing  to  do  with 
his  duties  as  an  Inspector  of  Mines,  but  was  simply  a  token  of  their  regard 
and  respect  towards  Mr.  Gerrard  on  his  leaving  them  to  go  to  another 
district.  They  would  not  have  so  much  of  his  help  in  connexion  with  the 
Midland  Institute  in  the  future  as  they  had  had  in  the  past,  but  they  were 
quite  certain  that  whether  he  went  to  Lancashire  or  to  South  Africa  he 
would  never  forget  the  Midland  Institute.  He  hoped  that  portrait  would 
remind  Mr.  Gerrard,  wherever  he  might  be,  that  the  members  of  the 
Midland  Institute  had  had  some  regard  for  his  services,  not  merely  as  a 
member  but  as  a  Vice-President  always  willing  and  able  to  assist  in  those 
discussions  which  were  for  the  benefit  of  the  mining  community.  He  had 
taken  his  part  manfully  amongst  them  in  discussing  those  subjects.  No 
doubt  he  had  found  benefit  by  those  discussions  just  as  he,  by  his  practical 
experience  of  the  mines  of  Yorkshire,  had  assisted  others.  The  members 
had  appreciated  Mr.  Gerrard's  efforts,  they  esteemed  him,  and  on  their 
behalf  he  had  great  pleasure  in  making  the  presentation. 

Mr.  Gekeurd,  who  was  most  cordially  greeted,  most  heartily  and 
sincerely  thanked  them  for  the  way  in  which  they  had  shown  their  esteem 
of  him  that  day.  It  was  impossible  to  express  how  much  he  appreciated 
their  kindness.  He  did  not  at  all  accept  Mr.  Mitchell's  proposition  that 
lie  was  worthy  of  that  high  distinction  they  had  put  upon  him.  He 
had  not  brought  anything  to  the  meetings  of  the  Midland  Institute.  He 
had  come  to  their  meetings  as  a  relief  and  a  relaxation,  and  he  had 
obtained  information  of  great  value  which  had  materially  assisted  him  in 
the  performance  of  Ms  duties.  It  were  more  fitting,  far,  that  he  should 
present  to  the  Midland  Institute  some  recognition  of  the  information 
which  he  had  received,  and  the  assistance  and  goodwill  which  had  at  all 
times  been  shown  to  him.  Yorkshire  was  one  of  the  finest  mining  districts 
in  the  world — the  richness  of  its  coal-seams,  the  magnitude  of  its  mining 
operations,  the  number  of  persons  employed  therein,  bore  full  testimony 
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to  that.  lie  sometimes  thought  their  title  of  Midland  Institute  was 
hardly  big  enough.  If  they  were  to  call  it  the  Yorkshire  Institute  of 
Mining  Engineers,  which  it  was,  it  would  be  a  better  name.  Within  the 
borders  of  Yorkshire  they  had  such  a  number  of  men  who  had  attained 
eminence  as  mining  engineers  that  if  they  would  only  come  forward  and 
lead,  and  combine  with  those  who  were  striving  to  attain  eminence, 
they  would  have  a  grand  Institute  of  mining  engineers.  He  thought  an 
Inspector  of  Mines  was  in  his  right  place  in  being  in  the  presence  of  a 
body  of  mining  engineers  met  together  for  the  objects  they  had  before  them 
in  that  Institute,  and  he  repeated  that  he  had  obtained  much  valuable 
information,  and  that  he  had  at  all  times  seen  that  it  was  the  prevailing 
spirit  and  "reason  to  be"  of  their  meeting  together  in  the  main  to  reduce 
and  to  prevent  loss  of  life.  It  had  been  a  subject  of  cavil  that  Inspectors 
of  Mines  should  combine  with  managers  of  collieries,  but  he  maintained 
that  they  were  in  their  right  place  in  combining  to  consider  mining 
engineering,  to  endeavour  to  improve  one  another,  and  to  place  higher  and 
higher  the  standard  of  enlightenment,  inasmuch  as  the  main  result  of 
that  would  be  the  reduction  of  loss  of  life  and  injury  to  limb.  He  thanked 
them  for  their  courtesy  towards  him  at  all  times,  and  again  expressed  the 
hope  that  all  mining  engineers  would  come  forward  to  assist  in  the  work 
of  the  Institute,  and  said  the  coalowners  of  Yorkshire  did  not  know  its 
value,  but  they  might  well  subscribe  something  towards  the  expense  of 
maintaining  it  in  its  efficient  state.  He  concluded  by  repeating  his  thanks 
for  this  evidence  of  their  kindness  and  good  feeling  towards  him. 
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MIDLAND    INSTITUTE    OF    MINING,    CIVIL,    AND 
MECHANICAL   ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Institute  Room,  Barnsley,  October  12th,  1892. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen    were   elected   Members   of  the    Institute, 
having  been  previously  nominated  : — 

Members — 

Mr.  Rd.  Bradley,  Engineer,  Victoria  Foundry,  Wakefield. 

Mr.    W.    W.    Clayton,    Engineer,    Hudswell,   Clarke,   &.   Co.,   Locomotive 

Builders,  Leeds. 
Mr.  W.  Dean,  General  Manager,  Orrell  Collieries,  Wigan. 
Mr.  G.  A,  Meyer,  Mining  Engineer,  Shamrock  Collieries,  Westphalia. 
Mr.  Jos.  Oxley.  Mechanical  Engineer,  Wombwell  Main  Colliery,  Barnsley. 
Mr.  J.  G.  Priestley,  General  Manager,  Glass  Houghton  Colliery,  Castleford. 
Mr.  H.  TATE,  Mechanical  Engineer,  Rylands  Main  Colliery,  Barnsley. 
Mr.  J.  R.  Wilkinson,  Colliery  Enginewright,  Mapplewell,  Barnsley. 
Mr.  T.  H.  Wordsworth,  Mining    Engineer,    West    Riding    Collieries,  Nor- 

manton 


The  President  gave  notice  that  at  the  next  meeting  he  would  pro- 
pose that  the  Professor  of  Engineering  at  the  Yorkshire  College,  should 
be  elected  an  Honorary  Member  of  the  Institute.  He  believed  that  Prof. 
Goodman  would  be  a  valuable  acquisition  by  reading  papers  and  helping 
in  the  discussions. 


The  President  then  read  his  inaugural  address  as  follows  :- 
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PRESIDENTIAL  ADDRESS. 


By  Mr.  W.  E.  GARFORTH. 


At  the  annual  meeting  I  expressed  my  thanks  for  the  honour  you 
conferred  upon  me  by  electing  me  your  President  for  the  ensuing  year. 
Though  I  am  conscious  that  repetition  of  thanks  adds  little  to  their  force, 
yet  before  proceeding  with  my  address  I  wish  to  again  acknowledge  your 
kindness,  and  to  assure  you  that  in  response  to  your  confidence  I  hope, 
with  your  co-operation,  to  discharge  the  duties  connected  with  the  office 
to  your  satisfaction. 

One  of  the  first  of  these  duties  is,  I  presume,  to  address  you  upon 

some  of  the  various  matters  connected  with  mining  and  engineering. 

.The  custom  of  delivering  a  presidential  address  has  been  so  generally 

followed  in  this  Institute  that  it  may  now  be  looked  upon  as  imperative, 

if  it  be  true  that  we  are  governed  as  much  by  custom  as  we  are  by  law. 

In  endeavouring  to  select  a  subject  upon  which  I  might  say  something 
new,  I  have  experienced  considerable  difficulty.  Almost  every  matter 
associated  with  mining  has  been  dealt  with  by  the  Past-Presidents  of  this 
and  other  scientific  societies.  I  should  like,  however,  to  take  advantage 
of  this  opportunity  to  make  a  few  remarks  for  the  guidance  of  the 
younger  members  of  this  Institute,  with  a  view  of  impressing  upon  them 
the  necessity  of  obtaining  every  information  connected  with  the  profession 
of  a  mining  engineer  and  colliery  manager,  which  each  year  becomes  of 
greater  importance,  owing  to  the  increased  depth  at  which  coal  has  to  be 
worked  to  keep  pace  with  the  demand  for  fuel. 

In  considering  the  difficulties  connected  with  mining  in  the  future,  it 
is  apparent  that  each  advance  towards  improvement  renders  further 
advances  more  difficult.  In  these  times  we  cannot  trust  to  common-sense 
and  experience  alone,  much  as  these  excellent  qualities  haw  in  the  past 
helped  engineers  to  accomplish  importanl  works.  The  discoveries  which 
have  been  the  means  of  so  largely  benefiting  this  and  other  countries 
have  been,  especially  in  recent  years,  the  result  of  scientific  knowledge 
combined  with  practical  experience.     The  education  therefore  of  those 
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who  are  to  follow  should  consist  of  first  acquiring  the  theoretical  know- 
ledge which  practice  cannot  give,  and  afterwards  the  practice  which 
theory  cannot  give.  A  combination  of  these  gives  judgment.  It 
must,  however,  be  acknowledged  that  what  has  been  acquired  by  practice 
in  the  past  must  be  acquired  by  practice  in  the  future.  This  remark 
specially  applies  to  the  expenditure  of  large  sums  of  money  which  cannot 
be  entrusted  to  the  theorist,  or  to  one  who  has  not  had  the  necessary 
experience  as  regards  the  cost  of  different  kinds  of  material  and  labour. 
In  gaining  experience  the  young  engineer,  like  the  older  man  of  to-day, 
will  undoubtedly  meet  with  certain  failures,  but  failures  when  properly 
considered  are  the  best  of  preceptors,  and  often  form  the  true  pathway  to 
success.  It  may  encourage  him  to  remember  the  old  saying,  that  "  the 
cleverest  men  are  not  they  who  never  make  mistakes,  but  rather  they  who 
never  repeat  them,  and  if  possible  turn  a  failure  into  a  success."  With 
respect  to  the  latter  part  of  the  quotation,  I  am  not  aware  that  any  pro- 
fession in  the  past  has  overcome  difficulties,  and  converted  apparent 
obstacles  into  advantages  to  a  greater  extent  than  that  of  the  mining 
engineer  and  colliery  official.  But  to  effect  this,  deep  study,  originality 
of  thought,  and  dogged  perseverance,  assisted  by  the  resources  of  experi- 
ence, are  essential.  Some  minds  can  only  act  upon  precedent,  but  a 
clever  man  requires  no  example  ;  his  convictions  alone  are  his  law  ; 
he  does  not  understand  timidity,  but  he  acts  whilst  others  deliberate, 
and  success  usually  crowns  his  efforts.  Such  being  the  case,  and  looking 
forward  to  the  difficulties  which  may  be  expected  in  working  coal  as 
deep  as  it  is  proved  to  exist,  and  utilizing  the  forces  of  nature,  it  is 
imperative  that  every  advantage  should  early  be  taken  of  acquiring  the 
highest  scientific  training. 

The  term  of  apprenticeship  passes  all  too  quickly.  Then  comes  the 
responsibility  of  being  obliged  to  carry  on  the  ordinary  routine  of  work, 
and  devoting  a  large  amount  of  time  to  the  best  interests  of  the  concern 
with  which  the  manager  may  be  connected,  after  which  there  is  little 
time  left  for  the  study  of  the  latest  scientific  improvements.  Want  of 
time  is  a  common  complaint  amongst  the  older  members  of  the  pro- 
fession, I  therefore  mention  the  fact  as  a  reminder  to  the  younger 
members  not  to  neglect  the  least  opportunity  of  acquiring  those  funda- 
mental laws  on  which  science  generally  is  based. 

In  consequence  of  a  remark  which  was  passed  at  the  annual  meeting 
that  "  the  output  of  coal  in  Yorkshire  was  last  year,  for  the  first  time, 
the  largest  of  any  district  in  the  United  Kingdom,"  I  have  prepared 
from  the  Parliamentary  returns  the  following  statistics  which  show  the 


km; 
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annual  outputs  of  coal  from  the  nine  Leading  districts,  from  the  yean 
1871  to  1891,  at  intervals  of  five  years,  together  with  the  percentage  of 
increase  : — 
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This  statement  is  not  as  full  a.-   I  intended  making  it,  for  fear 

I  should  trespass  on  your  patience.     I 

the  respective  positions  of  the  lead:  i  >rk- 

shire  has  the  largest  output  of  coal.    The  increase  during  oty 

tra  being  at  the  rate  of  7-  During  th<  the 

quantity  of  coal  raised  in  the    I'i;  K  Dgdom    has  From 

117.        -  •'  •    1871  to  185,4^  I.  or  at  the 

rate  of  5*  per 

I'     -        matter  for  congratulation   amongst    thos  with 

mining  that  they  have  by  their  skill  and  k:  pro- 

duce an  output  of  coal  equal  to  the  demand,  and  at  a  price  which 
enabled  the   E  manufacti  --fully  with  other 

countries.      I"    -   also  a  matter  f.  that  the  mineral  t 

of  this  country  are  being  exhausted  at  so  rapid  a  rati       I  ling 

of  regret  is  further  increased  when  we  rememh 

fuel  at  many  collier;-  -  ictories,        1   the  large  quantity 

which  is  annually  exported  for  the  use  of  other  oonnl 

Looking  at  the  foreg  1  considering  the  fact  that 

the  increase  in  the  output  of  the   (hub  been  at   the 

rate  of  58  percent.,  I  am  naturally  reminded  of  the  Royal  Oommisf 
which  was  appointed  in  the  pose  of 

enquiring  into  the  probable  duration  of  the  coal-fields  and  other  inn- 
relating  to  coal  in  tl.-    '  It  is  also  a  reminder  that 
many  collieries  in  this  and  other  mining      -       ts  of  this  country,  from 
which  large  quant                                        obtained  in 
exha  -      .                          .  and  the  works  abandoned    T.< 
many  of  which  worked  the  coal  at  from  the  rarf 
have  been  replace  .  which 
ut  one  time  was  thought  impracticable. 

A-  regards  thn  lepth,  unfortunately  there  is  ii"  retu 

show  the  depths  at  which  t 

worked,  consequently  it   is  impossible  to  state  the  rate  at   which 

i  ■  ■  . 

by  means  of  inclines  and  tunnels, 
raised  to  the  same  leveL     I  hoped  tl  .\ill 

i  le  in  the  Governs  don. 

With  a  return  of  the  area  and  thickness  of  the  -  Mr 

that  an  approximate  depth  migl  en,  and  (•■  li!.- 

information  would  Dot  onl)  mmediately  connected 

with  mines,  hut  important  .  and  to  tl 

certain  qi  ,  from  a  national  p 
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To  give  some  idea  of  the  rate  of  increase  of  depth  it  may  be  men- 
tioned  thai  whilst  the  deepest  shaft  in  1871  was  2,376  feet,  coal  is  now 
being  worked  at  Asbjton  Moss  colliery,  in  Lane;. shire,  at  a  depth  of  3,150 
feel  vertical,  and  at  the  Lambert  coal-mine,  in  Belgium,  at  3,490  feet. 

The  knowledge  of  the  foregoing  and  other  facts  suggests  the  idea 
that  the  BUbject  of  deep  mining  is  one  which  might  be  considered  with 
advantage  by  the  members  of  this  Institute. 

Since  1871,  great  improvements  have  been  made,  and  much  has  been 
done  to  bring  scientific  research  into  practical  shape,  and  to  substitute 
certainty  for  uncertainty.  The  improvements  in  machinery,  ropes,  and 
other  colliery  appliances,  especially  electrical  work,  hive  produced  the 
feeling  thai  coal  may  lie  worked  at  a  much  greater  depth  than  was  deemed 
feasible  a  \\i\\  years  ago.  Yet  we  cannot  disguise  the  fact  that  the  great 
obstacles  to  deep  mining  relate  to  natural  laws,  the  chief  amongst  which 
are,  increased  temperature  due  to  depth,  and  increased  weight  due  to 
superincumbent  strata. 

As  agaiust  these  natural  obstacles  we  must  not,  at  the  same  time. 
forget  that  the  coal  which  has  hitherto  been  discovered  at  great  depths 
may  be  considere  1  as  valuable  as  seams  lying  near  the  surface ;  indeed, 
in  some  instances,  it.  is  of  superior  quality.  The  increased  thickness  and 
impervious  nature  of  the  strata  prevents  water  percolating  into  the  mine. 
The  quantity  of  gas  given  off  from  the  coal  is  no  greater  in  deep  than  in 
some  shallow  seams,  etc.  We  should  also  consider  that  the  doubts  and 
difficulties  expressed  by  the  last  generation  of  colliery  officials  as  to  work- 
ing coal  at  a  depth  of  400  to  500  yards,  which  at  one  time  seemed 
insurmountable,  have  since  been  overcome. 

With  respect  to  the  increase  of  temperature,  the  latest  information 
shows  that  at  Ashton  Moss  it  only  increases  at  the  rate  of  1  deg.  for 
every  7<'>  feet,  whilst  the  rate  of  increase  assumed  by  the  Commission, 
based  upon  the  actual  facts  obtainable  at  that  time,  was  I  dvv;.  lor  every 
Co  feet.  The  large  quantities  of  water  which  have  been  met  with  at  a 
certain  depth  from  the  surface  in  the  neighbourhood  of  Ashton  Moss 
colliery  may  have  some  effect  in  reducing  the  temperature. 

It  has  been  hoped  that  future  deep  sinkings  might  prove  the  increase 
of  temperature  to  be  in  a  diminishing  ratio,  but  when  the  primary  cause 
which  has  led  to  the  increase  is  considered  ii  is  hardly  reasonable  to 
expect  that  such  will  be  the  case.  Bigh  temperature  of  the  strata  operates 
as  an  impediment  to  deep  working  by  heating  the  air  circulating  through 
the  passages  of  the  mine.  This  heating  process  is  most  rapid  at  first, 
when   the  difference  of  temperature   between   the   air  and   the   rocks  is 
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greatest,  gradually  diminishing  as  the  length  of  the  passage  is  extended, 
and  never  ceasing  until  complete  assimilation  is  effected.  As  the  air  in 
circulation  is  gradually  increased,  so  the  temperature  of  the  strata  is 
reduced  by  the  absorption  of  heat  from  them.  From  experiments  con- 
ducted by  medical  men  and  scientists  it  has  been  shown  that  180  degs. 
Fahr.has  been  withstood  in  stokeholes  of  steamers  and  in  glass-houses,  125 
degs.  in  foreign  climates,  and  90  degs.  in  cotton  mills  and  other  factories. 

It  has  also  been  proved  that  the  human  skin  is  better  adapted  to  and 
can  withstand  a  greater  heat  than  that  of  certain  animals.  This  is  due 
to  increased  respiration,  circulation,  and  evaporation,  by  which  the  body 
is  prevented  from  being  heated  above  the  natural  temperature.  If  a 
man's  body  could  not  lose  by  evaporation,  etc.,  the  heat  which  may  be 
produced  within  him,  it  would  intensify  and  result  in  death.  The  depth 
stated  by  the  Commission  at  which  the  temperature  would  amount  to  98 
degs.,  or  blood  heat,  was  about  3,000  feet. 

As  regards  the  difficulties  of  maintaining  the  roadways  consequent  on 
the  increased  depth  of  the  strata,  experience  has  shown  that  no  system  of 
working  can  reduce  the  weight  of  the  strata,  and  this  is  apparent  when 
we  consider  that  every  foot  of  coal  supports  a  corresponding  foot  of 
superincumbent  strata,  so  that  if  a  portion  of  coal  is  extracted  a  weight 
over  and  ;  bove  that  naturally  intended  is  thrown  on  the  remaining 
pillars.  This  difficulty  was  not  seriously  felt  in  mines  lying  within  loo 
to  200  yards  from  the  surface,  but  as  the  depth  increases  the  weight 
naturally  becomes  greater. 

With  respect  to  the  foregoing  and  other  natural  difficulties,  the  con- 
clusion arrived  at  by  the  Commission  was  to  the  effect,  that  the  "  increase 
of  temperature  and  depth  was  so  speculative  that  thsy  felt  it  better  to 
leave  the  question  in  uncertainty  ;  but  looking  to  possible  expedients 
which  the  future  may  elicit  for  further  reducing  the  temperature,  they 
considered  that  it  might  fairly  be  assumed  that  the  depth  of  at  least 
4,000  feet  might  be  reached." 

Such  being  the  opinion  expressed  twenty  years  ago,  it  seems  to  me 
a  fitting  opportunity  for  the  members  of  this  and  other  Institutes  to 
consider  what  improvements  have  been  made  in  the  interval.  If  after- 
wards different  methods  of  overcoming  the  difficulties  I  have  mentioned 
are  discussed,  it  is  possible  the  suggestions  thrown  out  may  help  us  to 
overcome  them  when  they  arise.  There  may  be  certain  natural  laws  yet 
to  be  discovered.  It  is  well  to  remember  that  nature  does  not  volunteer 
information  which  man  may  discover  for  himself,  probably  for  the  reason 
that  wheu  man  is  capable  of  appreciating  it  he  is  capable  of  discovering  it. 
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I  think  there  is  reason  to  congratulate  ourselves  upon  the  great 
improvements  which  have  been  made  in  electricity  during  the  period 
mentioned.  It  has  bqen  said  that  the  most  sanguine  electrician  did 
not  anticipate  ten  years  ago  the  great  improvements  which  have  since 
been  made.  The  conveyance  of  coal  underground  is  practically  the  same 
in  a  deep  as  in  a  shallow  mine,  and  there  arc  othei  matters  which 
encourage  us  in  the  attempt  to  overcome  or  minimize  the  difficulties 
connected  with  deep  mining: 

Considering  the  deep  shafts  now  being  sunk  in  this  and  other  districts 
I  venture  to  think  it  might  prove  a  help  to  those  who  are  at  present 
engaged  in  such  work  to  have  a  discussion  amongst  the  members  of 
this  Institute  as  to  the  advantages  or  disadvantages  of  placing  the 
shafts  at  some  distance  apart,  with  a  view  of  reducing  the  friction  of 
the  air  and  preventing  an  increase  in  the  temperature  of  the  mine.  The 
practicability  of  using  small  ventilating  machines  to  promote  an  increased 
circulation  of  the  air  (somewhat  in  the  same  way  as  the  punkah  is  used 
in  India  and  other  hot  countries)  without  interfering  with  the  general 
ventilation  of  the  mine;  also  the  feasibility  of  having  troughs  of  water 
at  the  sides  of  the  roadways,  the  extended  use  of  coal-cutting  machines. 
and  other  appliances.  A  further  description  of  these  points  would, 
however,  exceed  the  limits  of  this  address,  but  I  hope  some  of  the  matters 
I  have  mentioned  may  be  taken  up  and  lead  to  a  discussion. 

Besides  obtaining  a  supply  of  coal  from  the  deep  mines,  as  already 
referred  to,  many  seams  which  until  recently  have  been  considered  only 
second-rate,  will,  no  doubt,  be  worked  in  the  near  future.  Some  of  the 
inducements  to  do  so  will  be  the  good  reputation  and  long-established 
connexion  enjoyed  by  some  firms;  the  exceptional  geographical  position 
as  regards  railway  and  canal  accommodation ;  the  utilization  of  brick 
and  stone  erections,  and  of  many  miles  of  railway  sidings,  which  if  dis- 
mantled would  result  in  a  great  sacrifice  on  the  part  of  the  mine  owner. 
With  such  advantages,  and  a  capital  reduced  to  a  comparatively  small 
sum,  it  is  possible  some  collieries  working  a  seam  of  coal  interstratitied 
with  dirt  partings  may  be  profitably  carried  on,  especially  when  in  com- 
petition with  the  high  price  charged  for  deep  coal  consequent  on  the 
increased  cost  of  production. 

Many  of  the  collieries  in  this  country  have  hitherto  had  the  natural 
advantage  of  working  rich  and  thick  seams  of  coal  comparatively  five 
from  dirt.  In  consequence  of  this  and  the  improvements  made  in  screen- 
ing and  picking-tables  the  public  have  now  beeu  educated  to  expect  clean 
coal,  so  that  coal  containing  dirt  is  not  acceptable.     It  will  therefore  be 
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necessary  to  adopt  measures  to  separate  the  coal  of  the  seams  referred  to 
as  second-rate  seams  from  all  impurities  in  a  similar  manner  to  that 
practised  on  the  Continent. 

In  certain  districts  which  I  have  visited  in  France  and  Germany 
some  seams  contain  not  only  dirt  partings  but  a  certain  proportion  of 
dirt  interstratified  with  the  coal.  The  efforts  which  were  made  many 
years  ago  on  the  Continent  to  separate  these  impurities  proved  a  serious 
difficulty  until  the  method  of  washiug  the  coal  on  a  large  scale  was 
adopted.  During  the  past  twenty,  but  especially  during  the  last  fifteen 
years,  washing-plants  have  been  so  perfected  in  AVestphalia  that  GOO  to 
800  tons  per  day  can  be  washed  in  sizes  varying  from  3  to  4  inches  cube 
down  to  the  finest  dirt,  and  at  a  cost  of  ^d.  to  fd.  per  ton  for  labour. 

I  intended  laying  before  you  several  tables  of  statistics  showing  the 
important  advantages  to  be  derived  by  a  certain  improved  system  of 
washing,  but  I  find  such  particulars  would  exceed  the  limits  of  this 
address.  I  am  therefore  compelled,  for  fear  of  trespassing  on  your 
indulgence,  to  postpone  such  information  until  a  future  meeting. 

In  addition  to  washing  the  small  coal,  the  large  pieces  with  a  thin 
layer  of  dirt  adhering  are  broken  up  by  means  of  a  disintegrator,  so  that 
all  the  coal  is  recovered  and  made  marketable  either  as  nuts  or  very  small 
coal,  suitable  for  coke-making.  With  respect  to  this  latter  improvement 
it  is  probable  that  a  large  amount  of  the  waste  which  has  hitherto  taken 
place  in  this  country  will  be  saved. 

If  the  expectations  be  realized  of  those  people  who  believe  coal  can 
be  worked  as  deep  as  it  is  proved  to  exist,  and  if  seams  of  coal  with 
dirt  partings  can  be  profitably  worked,  then  I  think  no  fear  need  be 
entertained  that  the  supply  of  coal  in  the  United  Kingdom  will  be  ex- 
hausted in  the  period  mentioned  by  Mr.  Price  Williams  in  the  paper  read 
in  1889  before  the  Statistical  Society.  But  if  such  be  the  case,  and  the 
supply  of  coal  continue  for  a  time  beyond  which  we  can  form  no 
conception,  there  is  no  reason  why  economy  should  not  be  prac- 
tised to  a  greater  extent  in  the  future  than  in  the  past.  There  has  been 
a  slight  saving  in  domestic  consumption  by  a  better  type  of  fire-grate, 
and  the  application  of  heated  air  to  certain  houses  and  public  buildings. 
There  has  also  been  considerable  advance  in  this  direction  by  certain 
manufactories,  especially  in  the  engines  and  boilers  used  in  connexion 
with  mills  and  factories,  by  using  liigh-pressure  steam  and  taking  advan- 
tage of  increased  pressure  without  a  corresponding  increase  of  temperature; 
but  notwithstanding  these  improvements  there  is  still  a  great  margin 
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for  further  reducing  the  consumption  of  fuel.  This  remark  specially 
applies  to  collieries,  the  reasons  for  which  arc  too  well  known  to  here  need 
recapitulation. 

To  give  a  sketch,  however  Blight,  of  the  improvements  which  have 
been  made  in  various  appliances  during  the  last  year,  or  to  mention  the 
interesting  papers  which  have  been  brought  before  this  and  other  insti- 
tutes would,  even  if  1  were  competent,  exceed  the  limits  of  this  address, 
but  I  recommend  the  papers  to  your  earnest  perusal  and  criticism.  I 
believe  the  facts  which  have  been  described  by  the  writers  with  respect  to 
the  advantages  gained  will  prove  of  value  to  other  members  having 
similar  requirements. 

It  is  hoped  the  various  matters  referred  to  in  the  preceding  remarks, 
together  with  the  following,  will  form  subjects  for  various  papers  to  be 
read  during  the  ensuing  session  : — Different  methods  of  working  coal, 
including  the  more  extended  use  of  coal-cutting  machines  ;  the  systems  of 
ventilation,  dealing  with  increased  temperature  ;  the  more  economical  use 
of  compressed  air;  the  applications  of  electricity;  the  best  means  of  convey- 
ing coal  underground  ;  the  different  systems  of  washing  small  coal  ;  the 
use  of  explosives  in  those  mines  where  longwall  cannot  properly  be  worked  ; 
coal-dust;  safety-lamps;  means  for  detecting  fire-damp;  and  other 
matters. 

In  conclusion,  I  beg  again  to  remind  you  that  Yorkshire  now  holds  for 
the  first  time  the  leading  position  in  having  the  greatest  output  of  coal  in 
any  district  of  the  United  Kingdom.  As  representatives  of  Yorkshire,  I 
therefore  think  the  members  of  this  Institute  should  follow  the  example 
which  has  for  many  years  been  so  worthily  shown  by  the  North  of 
England  Institute  of  Mining  Engineers  in  producing  most  valuable  papers 
not  only  for  the  mining  engineer  and  colliery  manager  of  the  North  but 
for  the  mining-world  generally.  If  some  of  the  gentlemen  I  have  the 
honour  to  address  will  contribute  papers  giving  the  result  of  their  scientific 
and  practical  experience,  I  think  it  will  assist  in  preventing  those 
dreadful  accidents  we  all  so  much  deplore,  lessen  the  difficulties  connected 
with  deep  mining,  and  help  to  increase  the  greatness  and  prosperity  of  the 
British  Empire. 


Mr.  T.  W.  EMBLBTON  proposed  a  vote  of  thanks  to  the  President  for 
his  valuable  and  instructive  address. 


DISCUSSION— THE    PISTON    SAFETY-LAMP.  113 

Mr.  J.  Gerrard  had  the  greatest  possible  pleasure  in  seconding  the 
proposition.  It  had  been  a  treat  to  all  of  them  to  hear  the  valuable 
principles  Mr.  G-arforth  had  so  ably  put  before  them  ;  they  must  have 
been  the  result  of  very  great  thought  and  careful  consideration.  He  was 
very  pleased  he  had  not  missed  hearing  him  deliver  the  address,  because 
it  was  one  thing  to  hear  it  and  another  thing  to  read  it.  There  were 
many  points  which  when  heard  were  impressed  upon  their  minds,  and 
determined  them  to  read  it  over  carefully,  which  perhaps  would  escape 
them  on  a  mere  reading. 

The  President  returned  thanks  for  the  cordial  vote  of  approbation. 
He  then  stated  it  had  been  intended  that  two  papers  should  be  read 
before  that  meeting,  but  one  gentleman  was  away  and  another  busily 
engaged.     Mr.  Teale  would  however  exhibit  a  new  safety-lamp. 
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Mr.  Teale  then  exhibited  specimens  of  a  new  safety-lamp,  and 
explained  its  various  details,  mode  of  construction,  advantages,  etc. 

The  President  asked  how  the  gauze  was  cleaned  ? 

Mr.  Teale  said  they  could  easily  clean  the  gauze,  but  if  all  the 
interstices  of  the  gauze,  with  the  exception  of  those  opposite  the  ventilating 
holes,  were  filled  up  it  would  be  an  advantage,  because  no  dirt  could  get 
in.     It  was  easily  cleaned  from  the  outside. 

Mr.  John  Gerrard  remarked  that  in  point  of  fact  it  was  only 
necessary  to  clean  the  gauze  opposite  the  holes. 

Mr.  Teale — Yes,  there  is  no  benefit  from  the  other  passages. 

Mr.  Gerrard  asked  if  it  was  intended  to  have  a  bath  of  carbonic  acid 
gas  outside  next  the  gauze  ? 

Mr.  Teale  said  he  had  made  some  experiments  several  years  ago, 
which  resulted  in  the  present  arrangement  producing  the  effect  suggested. 

Mr.  Gerrard  supposed  it  was  on  the  principle  that  the  heated  air  of 
the  top  fell  down  and  became  a  guard  of  carbonic  acid  gas  through  which 
fire-damp  would  have  to  pass. 

Mr.  Teale  —There  are  always  the  products  of  combustion  between. 

The  President  said  that  the  moment  the  lamp  began  to  burn  it 
began  to  form  carbonic  acid  gas,  and  he  understood  there  was  always  that 
product  between  the  flame  and  the  outside. 

Mr.  Gerrard  enquired  the  use  of  the  cone  ? 
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Mr.  Teale  said  the  air  passed  in  underneath  the  cone,  while  the 
products  of  combustion  passed  off  through  the  top,  and  the  cone  was 
in  fact  a  separator. 

Mr.  GrEBBABD  said  it  was  one  of  the  most  important  principles  of  the 
lamp. 

Mr.  Teale  said  it  was  an  important  principle.  He  did  not  say  it 
affected  the  safety,  but  it  added  to  the  steadiness  of  the  flame.  By  more 
complete  combustion  and  steadying  the  flame  they  had  a  smaller  deposit 
of  soot  on  the  gauze.  He  had  burnt  the  lamp  with  "  miners'  oil "  for 
twelve  hours,  and  found  no  soot  on  the  gauze.  He  had  burnt  the  spirit 
lamp  for  twelve  hours,  and  had  not  a  morsel  of  soot  on  the  gauze  in  three 
trials. 

The  President  asked  what  was  the  illuminating  power  ?  Did  the 
higher  part  of  the  lamp  act  as  the  Mueseler  chimney  by  giving  increased 
circulation  of  air  ? 

Mr.  Gerrard  said  the  Mueseler  chimney  with  the  gauze  would  be  a 
safer  lamp  than  this  without  the  shield. 

Mr.  Teale  said  the  Mueseler  chimney  with  the  shield  would  be  a  safer 
lamp  than  this  without  the  shield,  because  the  real  principle  of  the  Mueseler 
action  was  that  of  contracting  the  outlet— the  consumption  of  gas  would 
produce  carbonic  acid  gas  more  rapidly  than  it  could  get  out,  and  it  was 
thrown  down  and  extinguished  the  flame.  His  lamp  acted  in  the  same 
way,  but  more  effectively  than  the  Mueseler  lam]).  The  illuminating 
power  had  not  been  tested  by  any  instrument,  only  by  comparison. 

Mi-.  Gerrard  asked  if  the  lamp  had  been  used  in  a  mine  ? 

Mr.  Teale  said  it  had  only  been  brought  out  during'  the  last  three 
weeks.  What  had  been  done  was  to  invite  criticism,  and  to  make  arrange- 
ments that  every  lamp  should  be  turned  out  accurately. 

Mr.  Geurard  remarked  it  had  been  said  that  the  whole  weight 
depended  on  a  lead  rivet,  now  some  lead  rivets  were  very  slight  and  soft. 
Could  that  be  obviated  ? 

Mr.  Teale  said  the  first  idea  was  to  have  a  bayonet  joint  which  would 
have  weakened  the  flange.  After  hearing  all  the  criticisms,  he  had  come 
to  tin'  conclusion  that  the  best  form  of  rivet  had  been  adopted,  and  he 
had  designed  a  small  apparatus  for  securing  the  rivets. 

Mr.  John  Nbvtn  asked  what  was  the  weight  of  the  lamp  ? 

Mr.  Teale  said  it  weighed  2  ounces  lighter  than  the  Marsaut. 
Mr.    Nkvin — Have    you     tested    the    lamp    in    currents    of    high 
velocity  ? 

M  r.  Teale— No. 
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Prof.  Arnold  Lupton  said  he  had  great  pleasure  in  proposing  a  vote 
of  thanks  to  Mr.  Teale  for  his  courtesy  in  introducing  the  new  lamp  to 
their  notice.  He  did  so  with  the  greater  pleasure  because  it  was  not  the 
first  time  that  Mr.  Teale  had  done  this  for  the  Institute.  Mr.  Teale 
was  a  man  of  great  experience,  and  whatever  he  brought  before  them 
deserved  their  best  consideration. 

Mr.  Burton  seconded  the  motion,  which  was  carried  unanimously. 

Mr.  Teale,  in  reply,  said  that  he  had  always  pleasure  in  bringing  any- 
thing forward  to  interest  the  members  of  this  or  any  other  Institute. 
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The  President  said  the  Council  wished  to  intimate  that  they  were 
making  preparations  so  that  the  meeting  room  could  be  utilized  more  than 
it  had  hitherto  been.  It  had  been  suggested  that  on  certain  days — which 
the  Secretary  would  intimate  to  them  after  he  had  made  arrangements — 
the  room  should  be  open,  a  fire  kept  during  the  winter  months,  and  a 
caretaker  provided,  so  that  any  member  arriving  in  Barnsley  with  time 
to  spare  before  the  meetings  might  come  to  the  room  and  utilize  some 
of  their  valuable  books.  It  was  hoped  that  members,  especially  those 
resident  in  Barnsley  and  district,  would  take  advantage  of  this  change. 
The  question  of  meeting-days  had  also  been  discussed.  It  had  been 
thought  that  in  meeting  always  on  market  days  some  members  had  been 
pre-occupied,  they  had  been  present  in  body  but  absent  in  mind.  With 
a  view  to  obviate  that  it  had  been  suggested  they  should  always  meet  on 
Saturdays  in  Leeds,  "Wakefield,  Sheffield,  or  Barnsley.  The  Council  were 
unanimous  in  this  matter,  but  he  should  like  to  hear  the  opinions  of 
members.  They  did  not  infringe  any  rule  by  the  suggested  alteration, 
some  steps  should  be  taken  to  obtain  a  better  attendance  of  members. 
They  had  197  members,  and  it  looked  strange  they  could  only  get  an 
average  attendance  of  about  15  The  attendance  could  not  possibly  be 
made  worse  by  altering  the  day. 

Mr.  Nevin  said  personally  he  should  prefer  the  meetings  not  being 
held  on  Saturday,  but  the  Council  thought  that  by  having  the  meetings  on 
that  day  they  might  attract  viewers  and  people  from  the  neighbourhood  of 
the  meeting-place,  who  could  not  conveniently  attend  on  other  days. 


116 


THE   MEETING   ROOM. 


Mr.  Gerhard  said  that  by  having  the  meetings  on  market  days  they  got 
members  who  perhaps  would  not  come  on  purpose  to  attend  an  Institute 
meeting,  but  there  could  be  do  harm  in  trying  the  experiment. 

Mr.  J.  MITCHELL  pointed  out  that  the  room  had  for  years  been  open 
for  members,  but  only  one  gentleman  had  made  much  use  of  it,  though 
there  were  many  valuable  works  in  the  library.  As  to  the  day  of  meeting 
they  must  select  the  day  which  was  most  convenient  to  members. 

A  vote  of  thanks  to  the  President  for  his  services  in  the  chair  was 
passed,  and  the  meeting  closed. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 

GENERAL    MEETING. 
Held  at  the  Royal  Victoria  Hotel,  Sheffield,  November  20th,  1892. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The   following  gentlemen  were  elected  Members,  having  been  pre- 
viously nominated  : — 

Members — 

Mr.  Walter  Hargreaves,  Colliery  Manager,  Robin  Hood  Collieries,  Wake- 
field. 

Mr.  Roslyn  Holiday,  Mining  Student,  Ackton  Hall  Colliery,  Eeatherstone, 
PoDtefract 


The  President,  in  accordance  with  the  notice  given  at  last  meeting, 
proposed  that  Mr.  Goodman,  the  Professor  of  Engineering  at  the  Yorkshire 
College,  should  be  an  Honorary  Member  of  the  Institute.  He  also 
thought  they  ought  to  make  the  Professor  of  Mining  at  the  Yorkshire 
College  and  the  Professors  of  the  Firth  College  Honorary  Members  of  that 
Institute. 

The  motion  was  carried  unanimously. 


Mr.  Jefferson  read  the  following  paper  on  "  The  Wear  and  Tear  of 
Steam  Boilers  due  to  Expansion  and  Contraction-Strains"  : — 


US  WKAR   AND   TEAR   OF   STEAM    K0ILERS. 


THE  WEAB  AND  TEAR  OF  STEAM  BOILERS  DUE  TO 
EXPANSION  AND  CONTRACTION-STRAINS. 


By  J.  CLARK  JEFFERSON. 


Connexion   Between  Chance  or  Difference  of  Temperature, 

Expansion  and  Contraction,  and  the  Tensile  and 

Compressive  Strains  Produced  Thereby. 

If  it  piece  of  iron  800  inches  long  at  32  degs.  Fahr.  is  heated  to  212 
degs.,  it  becomes  801  inches  long  at  the  latter  temperature  if  perfectly 
free  to  elongate.  The  elongation  of  iron  or  steel  is  thus  y^  for  a  differ- 
ence of  180  degs.;  or  xtruxst  for  1  deg-  F;iur- 

If  a  piece  of  iron  1  square  inch  in  sectional  area  and  30,000,000 
inches  long  could  be  obtained,  and  supported  so  as  to  be  capable  of  elonga- 
tion or  contraction  without  friction,  a  pull  of  1  lb.  would  make  its  length 
30,000,001  inches  and  a  thrust  of  1  lb.  would  make  its  length  29,999,999 
inches.  In  other  words  the  elongation  cr  contract  ion  would  be  suWootjtt 
of  the  length  for  a  force  of  1  lb. 

From  the  above  fractional  elongations  or  contractions,  viz.,  Yirfnns  Ior 
1  deg.  Fahr.  rise  or  fall  of  temperature,  and  ^w^Vstto  for  a  pull  or  thrust 
of  1  lb.,  it  follows  that  a  rise  or  fall  of  1  deg.  Fahr.  in  temperature  pro- 
duces the  same  elongation  or  contraction  as  a  pull  or  thrust  of  208*3  lbs. 
(say  200  lbs)  per  square  inch.  If  a  piece  of  iron  therefore  were  rigidly 
held  so  as  to  prevent  its  elongation  or  contraction,  a  rise  or  fall  in  tempera- 
ture of  1  deg.  Fahr.  would  set  up  a  tensile  or  compressive  force  of  200  lbs. 
per  square  inch. 

Though  this  condition  of  absolute  rigidity  does  not  obtain  in  steam 
boilers,  the  above  figure  may  be  taken  to  represent  the  reserve  force 
available  to  produce  distortion  or  fracture  of  parts  of  a  boiler.  A  rise 
or  fall  of  2  digs  Fahr.  in  temperature  would  represent  a  possible  strain 
of  400  lbs.  per  square  inch.  8  degs.  Fahr.  of  600  lbs.  per  square  inch, 
and  so  on.  Taking  the  tensile  strength  of  iron  boiler-plates  at  22  tons 
per  Bquare  inch  ami  of  Bteel  boiler-plates  at  80  tons  per  square  inch,  it 
will  be  seen  that  a  fall  of  250  degs.  Fahr.  in  temperature  in  the  cast  of 
iron,  and  340  (legs.  Fahr.  in  the  ease  of  steel,  would  produce  rupture 
were  the  ends  of  a  plate  held  rigidly  fast.  Such  a  rapture  would  lie  very 
readily   brought  about   if  the  crown-plates  of  a  boiler  were  allowed   to 


WEAR   ANT)   TEAR   OF   STEAM   BOILERS.  119 

become  red  hot  through  shortness  of  water  and  if  the  cold-feed  supply 
were  suddenly  turned  on.  It  is  to  this  cause,  and  not  to  the  sudden 
generation  of  steam,  that  the  liability  to  explosion  under  the  above- 
mentioned  condition  should  be  attributed. 

The  above  considerations  will  make  clear  the  necessity  of  annealing 
boiler-plates  after  they  have  been  rolled,  or  of  ensuring  that  the  cooling 
down  takes  place  slowly  and  uniformly  ;  otherwise  there  may  be  initial 
strains  in  the  plates  even  before  they  are  used  in  the  construction  of  a  boiler, 
leading  to  failure,  or  cracking  of  the  plate  under  working  conditions.  On 
this  account  also  great  care  should  be  observed  in  the  flanging  of  boiler- 
plates. 

Temperature  at  Various  Parts  of  Steam  Boilers. 

In  the  case  of  the  ordinary  Lancashire  or  Cornish  boiler  the  tempera- 
ture just  above  the  fire  may  be  estimated  under  ordinary  conditions  at 
2,3,50  degs.  Fahr.,  though  where  the  draught  is  very  carefully  regulated,  it 
may  reach  2,700  degs.  Fahr.  The  temperature  falls  at  first  very  rapidly, 
and  then,  as  the  distance  from  the  fire-bridge  further  increases,  much 
more  slowly.  "Without  entering  into  the  question  of  the  distribution  of 
heat  in  the  flues  of  a  steam  boiler,  it  will  be  sufficient  to  assume  that  the 
average  temperature  of  the  furnace-gases  in  the  first  half  of  the  internal 
flues  is  2,350  degs.  Fahr.,  in  the  second  half  1,800  degs.  Fahr. ;  in  the 
first  half  of  the  middle  flue  1,450  degs.  Fahr.,  and  1,150  degs.  Fahr.  in  the 
second  half ;  in  the  first  half  of  the  side  flues  900  degs.  Fahr.,  and  670 
degs.  Fahr.  in  the  second  half.  The  temperature  of  the  water  in  the 
boiler  may  be  estimated  at  350  degs.  Fahr.  The  difference  of  temperature 
on  the  two  sides  of  the  plates  at  the  parts  of  a  boiler  named  above  would 
therefore  be  respectively  2,000  degs.,  1,450  degs.,  1,100  degs.,  800  degs., 
550  degs.,  and  320  degs.  Fahr. 

This  paper  is  not  concerned,  however,  so  much  with  the  temperature  of 
the  gases  as  with  the  temperature  of  the  plates  ;  or,  to  be  precise,  with  the 
average  temperature  across  the  thickness  of  the  plate.  No  data  have  been 
published  as  to  the  actual  temperature  of  the  plates.  The  temperature  of 
the  water  in  the  boiler  may  be  estimated  at  300  to  350  degs.  Fahr., 
when  the  boiler  has  been  at  work  some  time.  Lead  plugs  fuse  at 
about  600  degs.  Fahr.,  and  iron  at  dull  red  heat  in  the  dark  has  a 
temperature  of  750  degs.  Fahr.  It  will  be  evident  therefore  that  under 
ordinary  conditions  the  temperature  of  the  plates  must  be  considerably 
under  600  degs.  Fahr.,  even  over  the  furnaces.  The  temperature  of  iron 
plates,  with  water  on  one  side  and  exposed  on  the  opposite  side  to  so 
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high  a  temperature  as  2,300  degs.  Fahr.,  does  not  rise  to  anything  like 
a  mean  between  the  two  owing  to  the  high  conducting  power  of  iron. 
It  will  probably  not  be  far  wrong  to  assume  the  temperature  of  the 
plates  over  the  furnace  at  450  degs.  Fahr.,  and  that  of  the  external  side 
flues  at  380  degs.  Fahr. 

"Where  furnace  tubes  or  the  plates  generally  are  connected  with  lap 
joints,  the  condition  is  very  greatly  altered.  The  transmission  of  heat 
through  a  plate  depends  more  on  the  conducting  or  transmitting  power 
of  the  smface  of  the  plate,  or  on  external  conduction,  than  on  the  internal 
conduction.  The  internal  conducting  power  of  copper  compared  with 
that  of  iron  is  as  12  to  5,  and  yet  the  evaporative  efficiency  in  the  most 
favourable  case  is  only  20  per  cent,  greater  for  copper,  and  in  practice  there 
is  no  apparent  difference  in  the  evaporative  efficiency  in  iron  plates  of  §  inch 
and  \  inch  thickness.  The  excess  temperature  above  that  of  the  water 
may  therefore  be  considered  at  least  twice  as  great  in  the  case  of  the  outer 
of  two  pieces  of  iron  in  a  lap  joint. 

Some  approximation  can,  however,  indirectly  be  arrived  at  as  to  the 
average  difference  in  temperature  between  the  upper  half  of  the  furnace 
flues  and  that  of  the  shell-plates  in  the  side  and  bottom  flues.  In  the 
case  of  a  24  feet  boiler,  with  the  gusset  stays  properly  designed  to  take 
the  strain  due  to  the  pressure  of  the  steam  on  the  ends  of  the  boiler, 
the  elongation  of  the  upper  part  of  the  internal  furnace-tubes  is  found  to 
be  about  {\  inch.  This  is  a  fractional  elongation  of  tts?  an<^  dividing 
this  by  ij^stj  (the  fractional  elongation  for  1  deg.  Fahr.),  we  obtain  94 
degs.  Fahr.  as  the  excess  temperature  of  the  furnace-tubes  above  the  shell - 
plates,  and  94  x  208  lbs.  =  1 9,552  lbs.  or  very  nearly  9  tons  per  square 
inch  of  thrust.  Taking  only  the  upper  half  of  the  furnace-flues  as 
effective,  and  their  diameter  at  33  inches  and  thickness  at  §  inch,  an 
available  end  thrust  of  340  tons  is  obtained,  due  to  the  expansion  of  the 
internal  flues.  As  the  end  plates  bulge  out  long  before  this  pressure  is 
reached,  only  a  fraction  of  this  force  is  actually  brought  into  play. 

To  understand  more  clearly  the  influence  of  this  expansion  on  the 
wear  and  tear  of  a  boiler  it  will  be  advisable  to  consider  a  little  more 
closely  the  distribution  of  heal  in  the  internal  flues.  Immediately  over 
the  fire  the  temperature  is  greatest  ;  whilst  below  the  firebars,  the  plates 
being  exposed  to  the  cold  air  entering  and  shielded  against  the  radiation 
from  the  fire  by  the  firebars,  the  temperature  is  least.  Beyond  the  fire- 
bridge not  only  is  the  temperature  of  the  gases  lowered,  but  the  bottom 
plates  being  exposed  to  the  heated  gases,  the  difference  of  temperature 
between  the  top  and  bottom  plates  is  much  less  than  in  front  of  the  lire- 
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bridge.  The  distance,  therefore,  which  the  top  of  the  last  plate  of  the 
flue  expands  beyond  the  bottom  of  the  plate  is  much  less  than  at  the  front 
end  (Fig.  1,  Plate  XIV.)  ;  and  consequently  the  grooving  of  the  back-end 
plate  is  much  less  frequent  nor  is  it  so  great  as  at  the  front-end.  This 
grooving  is  the  result  of  the  repeated  bending  of  the  end  plate  over  the  flue 
angle-iron  caused  when  the  internal  flues  expand  and  contract,  and  extends 
more  or  less  over  the  end  plates  at  the  parts  indicated  by  the  hatched 
areas,  a  a,  Fig.  2,  Plate  XIV.  The  nature  of  this  action  is  very  similar 
to  the  gradual  fracture  of  a  piece  of  sheet-metal  by  repeated  bending 
backwards  and  forwards.  In  Figs.  3  and  4,  Plate  XIV.,  the  length  of  the 
internal  flues  is  supposed  to  be  exactly  equal  to  the  length  of  the  shell,  the 
end  plate  a  being  straight  before  expansion  begins.  Fig.  4  is  intended  to 
represent  (not  to  scale)  the  position  of  the  flue  angle-iron,  and  to  show  the 
bending  of  the  end  plate  after  expansion  has  taken  place.  The  end  plate  a 
is  bent  at  b  and  c,  but  owing  to  the  bending  strain  being  distributed  over  a 
larger  section  or  curve  at  c  than  at  b,  and  the  rivets— closer  together 
at  b  than  at  c — holding  the  plate  more  rigidly  at  the  flue  angle-iron,  the 
strain  per  unit  of  section  at  c  is  much  less  than  at  b  and  the  bending  at  c 
takes  place  with  a  curve  of  greater  radius.  Following  the  analogy  of  the 
breakage  of  a  piece  of  iron  by  repeated  bendings,  it  might  be  supposed 
that  the  grooving  or  fracture  should  commence  at  the  outside  of  the 
bend,  i.e.,  the  outside  of  the  end  plate  over  the  flue  angle-iron.  The 
grooving,  however,  is  always  found  on  the  water  side.  The  explanation 
of  this  fact  is  most  probably  to  be  found  in  the  crushing  effect  of  the 
edge  of  the  angle-iron  against  the  inside  of  the  plate,  disturbing  the 
surface  of  the  plate ;  which  is  thus  more  readily  attacked  by  the  corrosive 
action  of  water  under  considerable  pressure.  But  for  the  presence  of 
water  the  bending  effect  would  show  itself  as  a  crack  of  comparatively 
very  small  width.  The  grooving  here  referred  to  is  always  exhibited  as  a 
well-defined  groove,  which  appears  as  if  the  iron  had  been  eaten  or 
corroded  away.  There  is,  however,  little  doubt  that  this  grooving  is  the 
result  of  two  actions,  a  fretting  or  mechanical  action  due  directly  to  the 
bending  movement  which  disintegrates  the  metal,  and  the  corrosive 
action  of  the  water  in  the  boiler  under  considerable  pressure. 

In  many  cases  the  internal  flues  of  a  boiler  are  purposely  made  T\ 
to  \  inch  shorter  than  the  shell,  so  as  to  allow  for  the  expansion  of  the 
internal  flues.  Figs.  5  and  6,  Plate  XIV.;  illustrates  this  practice,  the 
dotted  lines  showing  the  positions  after  expansion.  In  this  case  it  will 
be  seen  that  the  bending  at  b  is  first  produced  when  the  end  plate  and 
flue  angle-iron  are  drawn  together  in  riveting  up,  and  the  grooving  very 
naturally  appears  on  the  outside  of  the  bend  at  l>. 
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"Where  the  scantling  of  the  flue  angle-iron  is  somewhat  weak  com- 
pared with  the  end  plate,  the  grooving  is  found  to  take  place  at  the 
root  of  the  angle-iron.  Grooving  at  the  root  of  the  angle-iron  is  most 
usually  found  in  the  case  represented  by  Figs.  5  and  6,  Plate  XIV., 
where  the  internal  flues  in  the  first  instance  are  made  too  short ;  the  first 
incipient  fracture  being  due  to  the  riveting  up,  which  tends  to  open  the 
angle-iron.  The  angle-iron  requires  to  be  made  thicker,  as  the  fibre  of 
the  angle-iron  runs  crossways  with  the  direction  of  the  strain. 

In  Figs.  3,  4,  5,  and  6,  Plate  XIV.,  the  bending  of  the  end  plate  is 
represented  as  commencing  at  the  termination  of  the  gusset  stay  at  c,  and 
it  will  be  evident  that  the  angle  of  the  bend  at  b  is  the  greater,  the  shorter 
the  length  of  b  r.  To  avoid  grooving,  the  distance  b  r  should  never  be 
less  than  7  inches,  and  as  soon  as  there  are  any  signs  of  grooving  it  is 
desirable  to  take  out  the  bottom  pairs  of  gusset-rivets  in  the  end  plate, 
so  as  to  give  more  freedom  to  the  end  plate  in  bending  round  the  flue 
angle-iron. 

The  effect  of  frequent  and  rapid  changes  of  temperature,  produced 
every  time  the  fire-hole  door  is  opened,  frequently  evinces  itself  in 
leakages  of  the  rivets  of  the  fire-box,  especially  in  the  circular  seam, 
where  lap-joints  are  used.  When  the  lap  is  heated  the  rivet-hole  tends 
to  become  smaller  and  the  rivet  larger  in  diameter  (Fig.  7,  Plate  XIV.) 
and  the  metal,  if  the  hole  and  rivet  are  a  perfect  fit  when  cold,  is 
compressed,  so  that  when  it  cools  down  the  hole  is  slightly  larger  and  the 
rivet  slightly  smaller  than  at  first.  So  long  as  the  ordinary  working 
temperature  is  not  exceeded,  the  space  between  the  rivet  and  the  rivet- 
hole  always  closes  up  tight  when  the  boiler  is  at  work,  and  is  tight  when 
cold  and  the  pressure  down.  But,  if  at  any  time  the  ordinary  working 
temperature  is  considerably  exceeded,  the  compression  of  the  metal  may 
be  so  great,  that  the  space  between  the  rivet  and  rivet-hole  is  not  closed 
tight  at  the  ordinary  working  temperature,  and  the  rivet-hole  leaks. 

But  when  heated,  a  rivet  not  only  expands  in  diameter,  but  also 
longitudinally  (Fig.  8,  Plate  XIV.),  and  if  while  so  heated  a  current  of 
cold  air  impinges  on  the  exposed  and  comparatively  large  surface  of  the 
rivet-head,  this  tends  to  cool  down  more  rapidly  than  the  plate  underneath 
and  partially  protected  by  the  head,  and  this  end  of  the  rivet  takes  a  slight 
permanent  set  or  elongation;  if  the  temperature  lias  been  excessive, 
or  this  sudden  cooling  is  frequently  repeated,  the  rivet  may  thus  become 
slack  and  lead  to  leakage. 

In  one  or  both  of  the  two  ways  just  described  is  to  be  found  the 
cause  for  the  frequent,  leakage  of  rivets  slightly  above  the  level  of  the 
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grate-bars  on  the  sides  of  fire-boxes  ;  but  there  is  also  another  manner  in 
which  the  seams  of  a  fire-box  are  strained.  Owing  to  the  great  difference 
of  temperature  between  the  top  and  bottom  of  the  firebox,  the  seam  at 
the  bottom  is  subject  to  a  longitudinal  tensional  strain  and  at  the  top  to 
an  equal  compressive  strain.  If  the  plate  is  excessively  heated,  this  may 
lead  to  elongation  of  the  rivet-holes  in  the  fire-side  lap  of  the  upper  half, 
as  shown  in  Fig.  9,  Plate  XIY. 

In  Fig.  10,  Plate  XIY.,  if  a  and  b  represent  internal  and  external 
rings  fitting  each  other  perfectly,  and  the  inner  one  a  is  heated  while  the 
outer  ring  b  is  kept  cool  with  water,  the  inner  ring  a  can  only  expand 
by  becoming  thicker,  or  by  stretching  the  outer  ring  b.  If  the  difference 
of  temperature  has  been  sufficiently  great,  the  outer  ring  b  may  be 
permanently  stretched,  or  the  inner  ring  a  permanently  compressed  or 
made  thicker.  In  the  case  of  the  lap-seams  of  boiler  furnaces  where  both 
the  inner  and  outer  rings  are  of  equal  thickness,  an  excessive  temperature 
generally  causes  the  inner  lap  to  be  compressed  or  made  thicker,  and 
on  cooling  the  ring  contracts  to  a  less  diameter  than  it  originally  had 
and  the  seam  may  leak.  For  example,  in  Fig.  11,  Plate  XIV.,  if  the 
dotted  line  represents  the  thickening  of  the  inner  lap  of  a  circular  seam 
when  excessively  heated,  and  a  draught  of  cold  air  suddenly  impinges  on 
the  inner  lap,  the  parts  not  protected  by  the  rivet-heads  will  suddenly 
contract  before  the  outside  lap ;  this  contraction  will  tend  to  take 
place  with  the  contraction  of  the  arc  b  b',  and  not  with  the  contraction  of 
the  arc  a  a',  as  the  mean  circumference.  But  this  contraction  of  the  inner 
lap  being  resisted  by  the  outer  lap,  which  is  not  subject  to  the  sudden 
cooling,  sets  up  a  tensional  strain  in  the  inner  lap ;  and  the  section  from 
the  rivet-hole  to  the  lap  being  the  smallest  often  fractures  (Fig.  12). 
These  rivet-hole-to-lap-edge  fractures  are,  however,  often  started  in  the 
construction  of  a  boiler  when  the  rivet-holes  are  punched  or  even  drilled 
and  a  drift  is  used  where  the  rivet-holes  of  a  lap-joint  are  not  exactly 
opposite. 

In  the  case  of  lap-joints  in  the  shell,  say  in  a  middle  flue,  or  in  the 
case  of  externally  fired  boilers,  when  the  difference  of  temperature  is  con- 
siderable the  outer  lap  tending  to  expand  and  held  close  to  the  inner  lap 
by  the  rivets,  expands  in  the  manner  indicated  in  Fig.  13,  Plate  XIV.  If 
in  Fig.  14,  Plate  XIV.,  R  represent  the  radius  of  the  outside  lap  before 
being  thus  heated,  R1  the  radius  after  being  heated ;  P  the  mean  pitch 
of  the  rivet-hole  corresponding  to  R;  P1  the  mean  pitch  corresponding  to 
R1 ;  r  the  difference  between  R1  and  R  ;  and  p  the  difference  between 
P1  and  P ;  then  r  :  p  : :  R  :  P.     If  the  boiler  be  7  feet  in  diameter 
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and  the  pitch  of  the  rivet  be  2  inches,  then  the  distance  which  the  outer 
lap  tends  to  move  away  from  the  inner  lap  is  21  times  the  expansion  of 
the  pitch.  As  the  length  of  the  rivet  is  very  much  shorter  than  the 
pitch,  and  only  the  outer  half  of  tin-  rivet  partakes  of  the  excessive  rise  of 
temperature,  it  will  be  evident  that  the  elongation  of  the  rivet  is  much 
smaller  than  that  of  the  pitch,  and  consequently  it  is  excessively  less  than 

the  distance  r,  probably  less  than  — -      When   the  outer  lap  cools,  the 

plate  between  two  rivets  tends  to  contract  in  the  form  which  it  has  as- 
sumed, that  is  not  with  the  centre  of  the  boiler  as  a  centre,  but  with  the 
centre  of  the  arc  a  as  a  centre  ;  so  that  when  the  outer  lap  again  assumes 
the  temperature  of  the  inner  lap,  the  seam  may  gape  in  the  centre 
between  two  rivets  (Fig.  13). 

The  last  two  paragraphs  make  it  clear,  how  it  is  that  the  leakages  of 
the  internal  flues  are  more  generally  found  at  the  rivets,  and  in  the 
external  flues  between  the  rivets  ;  and  also  how  it  is  that  the  seams 
exposed  to  the  furnace  in  internally  fired  boilers  are  less  liable  to  leak 
than  those  of  externally  fired  boilers ;  apart  from  the  fact  that  in  the 
latter  case,  there  is  a  great  liability  of  sludge  settling  over  the  furnace- 
plates,  which  baking  fast  on  them,  prevents  the  water  from  keeping  the 
joints  sufficiently  cool. 

In  the  case  of  vertical  and  locomotive  boilers  where  the  fire-box  and 
the  outer  shell  are  connected  together  at  the  bottom  by  a  thick  base  ring, 
the  expansion  of  the  fire-box  usually  tends  to  take  place  in  a  downward 
direction,  for  the  same  reasons  that  in  a  Lancashire  or  Cornish  boiler  the 
expansion  of  the  internal  flues  usually  takes  effect  at  the  front  rather 
than  at  the  back-end.  In  vertical  and  locomotive  boilers,  in  consequent «  i  if 
this  downward  expansion  of  the  fire-box,  the  base  ring  is  thrust  down- 
wards and  outwards  as  indicated  in  Fig.  15,  Plate  XI Y.  This  pro- 
duces a  bending  and  grooving  action  at  both  a  and  b,  but  as  will  be 
evident,  it  is  most  severe  at  b.  This  grooving  is  almost  invariably  found 
in  vertical  boilers,  and  requires  to  be  very  carefully  watched.  Explosions 
have  occurred  in  which  the  outer  shell  has  thus  been  torn  away  from  the 
base  ring.  The  expansion  of  the  fire-box  of  vertical  boilers  is  often  par- 
tially accommodated  by  the  bending  of  the  crown,  especially  where  the 
fire-box  is  of  considerable  height,  as  shown  by  the  dark  lines  in  Pig.  15, 
Plate  XIV.  In  other  cases,  the  compressive  strain  produced  by  the  ex- 
pansion is  found  to  groove  the  uptake  above  the  top  edge  of  the  angle- 
iron  ring  at  y,  or  the  crown  of  the  fire-box  round  the  ring  at  x.  The 
grooving  at  x  is  further  promoted  by  the  tendency  of  the  uptake  hole  in 


WEAE   AND   TEAK   OF   STEAM   BOILERS.  125 

the  crown  of  the  fire-box  to  contract,  and  of  the  uptake  and  angle-iron 
ring  to  expand.  The  grooving  at  x  is  usually  found  to  be  considerably 
broader  than  at  y.  The  expansion  of  the  fire-box  downwards  often  pro- 
duces leakage  of  the  rivets  round  the  fire-hole  ring,  and  in  the  case  of 
locomotive  boilers  tends  to  bend  downward  on  the  inside  of  the  fire-box 
sheet-stays,  and  draw  them  up  again  when  cold.  These  are  sometimes 
in  consequence  broken.  Not  only  does  the  expansion  act  downwards, 
but  it  also  tends  to  increase  the  length  and  width  of  the  fire-box  as  shown 
in  Figs.  16  and  17,  Plate  XIV.  This  expansion  acts  by  forcing  out- 
wards and  bending  the  corners,  and  owing  also  to  the  expansion  of  the 
tubes  which  tend  to  bulge  out  the  tube-plate,  this  bending  action  is  most 
severe  on  the  flanges  of  the  tube-plate,  which  sometimes  crack  in  a  vertical 
line  on  the  bend  of  the  flange.  This  action  frequently  evinces  itself  by 
leakage  of  the  lap-seam  towards  the  lower  part  of  the  fire-box.  The  top 
row  of  stays  in  the  tube-plate  should  not  be  brought  too  near  the  tube- 
holes,  otherwise  the  bending  takes  place  too  quickly.  Owing  to  the 
reduced  section  across  the  tube-holes,  this  bending  usually  occurs 
chiefly  about  the  third  or  fourth  row  of  tubes  from  the  bottom.  If,  in 
order  to  illustrate  this  more  clearly,  an  exaggerated  inclination  is  shown 
in  Fig.  18,  Plate  XIV.,  it  will  be  seen  that  either  the  hole  or  the  tube 
must  be  compressed  as  indicated  by  the  dark  parts  c;  and,  when  the 
tube-plate  cools  and  resumes  its  original  position,  the  tube  and  plate 
will  only  be  in  contact  at  the  inner  and  outer  edges  of  the  tube-plate  hole 
(Fig.  19,  Plate  XIV.).  In  time  the  tube-plate  takes  a  permanent  set, 
and  unless  the  tubes  are  expanded  to  suit,  they  leak.  It  will  be  noticed 
also  that  the  resistance  of  the  tubes  to  the  bending  of  the  plate  causes 
the  tube  to  act  as  a  lever,  tending  to  prize  the  plate  above  the  hole  away 
from  the  portion  below;  this  pressure  acting  over  a  row  of  holes  tends  to, 
and  often  does,  split  the  tube-plate  along  the  centre-line  across  the  holes. 
Fig.  20,  Plate  XIV.,  illustrates  the  effect  of  excessive  heat  on  the 
sides  of  a  stayed  fire-box.  The  side  of  the  plate  next  the  fire  being  more 
highly  heated  tends  to  expand  most,  and  to  accommodate  this  the  plate 
between  the  rivets  tends  to  bulge  out  towards  the  fire.  This  action  is 
assisted  by  high  steam-pressure,  and  where  the  water-side  is  allowed  to 
become  encrusted,  this  bulging  or  papping  is  often  very  considerable. 

In  the  working  of  Lancashire  and  Cornish  boilers  it  is  desirable  that 
the  draught  should  be  carried  round  the  flues  in  a  particular  direction. 
For  Lancashire  boilers  this  direction  is  from  the  internal  flues  down  to 
the  middle  flue,  along  this  to  the  front,  and  then  splitting  to  the  side  flues 
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and  to  pass  through  these  to  the  chimney.     If  the  draught  were  carried 
to  the  side  flues  first,  and  then  back  by  the  middle  flue,  the  plates  over 
the  latter  would  be  much  cooler;   and  consequently,  the  expansion  of  the 
plates  in  the  bottom  of  the  shell   being  much   less  than   that  of  the 
internal  flues  and  the  side  flue-plates,  the  bottom  plates  of  the  shell  would 
have  a  considerable  tensional  strain  in  addition  to  having  to  carry  part  of 
the  steam  pressure  on  the  ends,  and  the  seams  in  the  middle  flue  might  be 
strained  so  much  as  to  cause  them  to  leak,  especially  near  the  seating-walls. 
In  the  case  of  Cornish  boilers,  owing  to  the  proximity  of  the  bottom 
shell-plates  to  the  bottom  plates  of  the  internal  flues,  the  most  desirable 
direction  is  the  reverse  of  that  desirable  in  the  case  of  Lancashire  boilers. 
That  is,  for  Cornish  boilers  the  draught  should  go  along  the  side  flues  to 
the   frout   end,    then   unite  to   the   middle   flue  and   pass   along   it   to 
the  chimney.     If  the  draught  were  carried  directly  to  the  middle  flue  the 
bottom  flue-plates  would  be  heated  much  more  than  the  plates  at  the 
bottom  of  the  internal  flue,  especially  where  the  water  is  muddy ;  and 
these  plates  being  so  close  together,  a  great  tensional  strain  would  be  Bet 
up  at  the  circular  seams  in  the  bottom  of  the  internal  flue,  and  might 
lead  to  leakage.      Moreover,   as  the    difference    of  temperature  of   the 
bottom  flue-plates  and  the  side  flue-plates  is  much  greater  than  if  the 
draught  were  carried  as  above  described:  owing  to  the  side-heating  efficiency 
being  less  than  the  top-heating  efficiency  in  the  middle  flue  ;  the  difference 
between  the  expansion  of  the  side  flue-plates  and  the  middle  flue-plates 
would  be  correspondingly  greater;   and  the  side  shell-plate,  joints,   in 
addition  to  having  to  take  their  share  of  the  steam  pressure,  would  have 
to  support  the  expansive  thrust  of  the  bottom  flue-plates  and  might  leak. 
This  leakage  usually  occurs  at  the   circular  seams,  slightly  above   the 
seating-walls  and  towards  the  middle  of  the  boiler. 

The  above  effects  would  be  exaggerated  where  the  attempt  is  made  to 
get  up  steam  too  quickly  or  to  cool  the  boiler  down  too  rapidly.  If  this 
is  attempted  in  the  case  of  Lancashire  boilers  tired  the  proper  way,  it 
tends  to  cause  leakage  at  the  bottom  of  the  internal  flues,  especially  below 
the  fire  and  the  side  flues.  In  the  case  of  Cornish  boilers  it  would  tend 
to  cause  leakage  of  the  seams  in  the  bottom  of  the  middle  flue  and  the 
internal  flues. 

The  principal  lesson  to  be  learnt  from  the  points  referred  to  in  this 
paper  is  the  importance  of  keeping  the  working  temperature  for  any  part 
of  the  boiler  constant  for  that  part. 
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The  Pkesident  thought  it  was  their  duty  before  any  discussion  took 
place  to  pass  a  hearty  vote  of  thanks  to  Mr.  Jefferson  for  his  valuable 
paper.  He  did  not  remember  one  which  combined  more  scientific  know- 
ledge and  practical  information.  Mining  engineers  in  putting  down  new 
plants  required  information  as  to  the  construction  of  boilers,  and  a  paper 
like  the  present  would  help  them  very  much.  Formerly  boilers  were 
thought  best  and  safest  when  7  feet  in  diameter,  but  he  thought  after 
what  had  been  said  and  from  recent  experience  that  less  wear  and  tear 
took  place  with  those  of  larger  diameters.  If  they  showed  the  boiler- 
maker  they  understood  something  about  using  a  boiler,  keeping  an 
uniform  temperature,  and  preventing  unequal  strains,  they  would  be  able 
to  point  out  to  him  that  many  of  the  repairs  they  had  to  make  and  pay 
for  were  due  to  bad  construction.  In  the  case  of  manufactories  where 
steam  was  regularly  required  they  had  less  unequal  strains,  but  the  boiler 
at  a  colliery  might  be  working  at  a  certain  pressure  one  hour,  and  the  next 
be  blowing  off  steam,  therefore  such  a  boiler  was  subject  to  very  unequal 
strains.    He  had  great  pleasure  in  moving  a  vote  of  thanks. 

Mr.  Southall,  in  seconding  the  motion,  said  it  was  very  desirable 
that  colliery  managers  should  obtain  all  possible  information  regarding 
the  use  of  boilers.  Gentlemen  who  took  up  certain  points  in  connexion 
with  machinery  and  boilers  and  made  these  their  whole  study  were  much 
more  able  to  deal  with  those  points  than  many  of  them  who  had  their 
time  taken  up  with  the  whole  management  of  collieries. 

The  motion  was  carried  unanimously. 

Mr.  Jefferson  said  that  as  to  the  best  size  of  boiler,  until  a  few 
years  ago  7  feet  was  considered  the  most  desirable  size,  but  the  present 
tendency  was  decidedly  to  increase  the  diameter  of  the  boiler.  One  or 
two  had  recently  been  made  under  the  inspection  of  the  Boiler  Insurance 
Company  which  he  was  connected  with  for  the  Leeds  Corporation,  and  these 
were  9  feet  6  inches  and  10  feet  in  diameter.  They  were  heated  by  Horsfall 
destructors.  With  regard  to  the  general  question  as  to  the  best  boiler  for 
mill  or  colliery  purposes,  the  first  consideration  was  that  the  larger  the 
boiler  the  greater  the  steam  capacity,  and  the  less  need  to  fire  the  boiler  hard 
in  order  to  get  up  steam  ;  another  consideration  was  that  the  first  expense 
for  a  given  power  was  smaller  with  a  large  boiler.  Then  again,  with 
large  boilers  the  junctions  with  the  curves  can  be  made  of  larger  radius  com- 
pared with  the  thickness  of  the  plates  than  in  the  case  of  small  boilers  and 
the  general  temperature  for  any  given  distance  across  the  plates  will  be 
lower  in  the  case  of  large  boilers  than  in  the  case  of  small  ones.     The 
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efficiency  of  the  fire-grate  is  somewhat  greater  for  large  boilers  than  small 
ones.  There  was  a  certain  amount  of  dead  space  taken  up  in  a  fire-grate, 
and  us  tiny  could  (inly  get  them  of  a  certain  size  it  followed  that  the  bigger 
the  fire-grate  the  greater  the  efficiency.  The  practice  now  was  to  make 
boilers  8  or  9  feet  in  diameter,  ami  there  were  no  difficulties  in  making 
them,  as  makers  were  well  provided  witli  tools  for  dealing  with  the  larger 
plates. 

Mr.  Andrews  expressed  the  great  pleasure  he  had  had  in  listening  to 
this  most  valuable  and  practical  paper.  Theoretical  mechanicians  used 
to  regard  boilers  as  a  thin  line  with  fire  on  one  side  and  water  on  the 
other,  but  when  they  came  to  practical  engineering  a  different  state  of 
things  prevailed,  lie  had  had  himself  much  pleasurable  profit  in  studying 
the  effects  of  temperature  on  various  metals,  and  had  a  fellow-feeling  with 
Mr.  Jefferson  in  the  researches  he  had  made.  One  or  two  points  struck  him 
in  connexion  with  the  paper  as  to  the  reason  of  the  plates  cracking.  In 
addition  to  the  causes  mentioned  by  Mr.  Jefferson,  which  were  really  the 
principal  causes  of  breakage  and  fracture  of  boiler-plates,  another  fact,  he 
thought,  had  a  bearing  on  the  question.  Six  or  seven  years  ago  he  made 
a  number  of  experiments  on  a  large  scale  to  determine  the  relative  expan- 
sion of  metals  from  very  low  temperatures,  taking  the  whole  series  of 
modern  metals,  Bessemer  steel  of  low  and  high  carbon,  Siemens-Martin 
steel,  soft  and  hard  crucible  steel,  and  various  other  metals.  The  research 
he  was  engaged  on  then  was  to  ascertain  the  effect  of  temperature  on 
railway  axles.  He  came  on  a  fact  which  astonished  him  and  threw  light 
on  the  subject  of  the  disintegration  of  metallic  structures  by  expansion. 
He  found  an  unequal  expansion  of  a  metallic  forging  in  the  direction  of 
the  length  and  across  the  diameter.  He  might  in  a  few  words  give  the 
results  of  those  observations  as  contained  in  his  paper  communicated  to 
the  Royal  Society  in  1  S*7.*  The  metals  he  observed  were  "  large  forgings" 
of  different  metals,  7  feet  3  inches  in  length  and  5  inches  in  diameter. 
These  were  planed  perfectly  square  at  the  ends,  turned,  and  polished 
bright. 

"The  range  of  temperature  chosen  for  the  observations  was  from  16  degs.  C.  to 
300  clegs.  C. 

The  experiments  were  conducted  as  follows: — For  the  measurements  com- 
mencing at  the  low  temperature  of  I"  degs.  <'..  the  bars  (having  previously  been 
slowly  reduced  to  the  temperature  of  0  degs.  C,  and  then  gradually  cooled  to  18 
degs.  C),  were  placed  upright  in  the  bath  A,  and  immersed  in  a  freezing  mixture  of 

*  Proc.  Royal  Society,  1888,  vol.  xliii.,  page  301. 
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three  parts  of  calcium  chloride,  and  two  parts  of  snow,  each  of  these  ingredients 
previous  to  mixing  being  maintained  in  separate  jacketed  freezing  tanks  at  a 
temperature  of  18  degs.  C.  The  vessel  A,  containing  the  bars  and  the  calcium 
chloride  freezing  mixture,  was  further  surrounded  by  another  compartment  holding 
a  quantity  of  a  freezing  mixture  of  snow  and  salt  at  a  temperature  of  20  degs.  C. 
By  this  means,  and  by  constantly  renewing  the  calcium  chloride  and  snow  mixture 
during  the  experiments,  a  uniform  temperature  of  45  degs.  C,  as  registered  by  an 
alcohol  thermometer,  was  maintained  for  the  experiments  in  the  cold  bath  A. 

Much  larger  cooling  tanks  of  a  snow  capacity  for  each  charge  of  8  cwts.  were 
used  for  the  large  forgings,  and  a  large  cast-metal  oil-bath  having  a  capacity  of 
about  70  gallons  of  oil  was  used  for  the  highest  temperature. 

The  bars  remained  thus  immersed  in  the  freezing  bath  whilst  their  internal 
temperature  was  regularly  ascertained  by  another  alcohol  thermometer  placed  in  a 
hole  in  the  centre  of  the  test  bar  C,  wherein  was  also  placed  a  little  alcohol. 

When  the  bars  had  reached  and  remained  for  some  time  at  the  registered 
temperature  of  45  degs.  C,  each  was  in  turn  removed  and  placed  on  a  suitable 
wooden  frame,  and  its  length  instantly  and  carefully  measured  by  telescopic  read- 
ings from  a  delicate  micro-vernier  gauge  (deviations  of  ^oW  of  an  inch  were 
perceptible)  also  supported  on  a  suitable  rigid  stand.  The  bars  were  then  replaced 
for  a  short  time  in  the  foregoing  mixture  and  again  removed,  and  their  diameter 
then  carefully  measured.  No  perceptible  alteration  in  the  temperature  of  the  bars 
occurred  during  the  very  short  time  occupied  in  taking  the  observations,  and 
frequent  tests  were  made  to  ascertain  this.  The  average  of  about  thirty  measure 
ments  in  each  case,  both  longitudinal  and  transverse,  was  regarded  as  fairly 
accurate.  The  dimensions  of  the  bars  were  taken  in  a  similar  manner  for  the 
temperature  from  18  degs.  C,  substituting  in  another  cold  bath,  B,  a  freezing 
mixture  of  snow  and  salt  to  obtain  this  temperature,  and  using  powdered  ice  and 
snow  for  the  observations  at  0  degs.  C.  The  higher  temperature  observations  were 
obtained  by  heating  the  whole  of  the  bars  in  a  large  hot-water  bath  for  the  period 
necessary  to  ensure  that  their  temperature  throughout  was  as  required,  and  the 
oil-bath  was  used  for  the  temperature  of  300  degs.  C.  Liability  to  temperature 
errors  was,  as  far  as  possible,  carefully  guarded  against  by  constant  reference  and 
comparison  between  the  bath  thermometers  and  that  in  the  centre  of  the  test  bar, 
and  by  keeping  the  bars  immersed  during  sufficiently  long  periods. 

The  hammered  metals  under  observation  were  large  forgings  of  the  different 
metals  7  feet  3  inches  long  and  5  inches  diameter,  planed  perfectly  square  at  the 
ends  and  turned  and  polished  bright.  The  measurements  were  taken  on  the  total 
length  of  the  forgings,  as  in  the  case  of  the  rolled  metals,  to  ensure  greater  accuracy, 
the  experiments  being  conducted  in  somewhat  similar  manner ;  but  owing  to  the 
greater  length  of  the  forgings  a  modification  of  the  method  was  made.  One  end  of 
the  forging  was  rigidly  secured  and  the  expansion  ascertained  by  measuring  the 
diminishing  space  between  the  other  end  of  the  forging  and  a  fixed  point  situated 
a  distance  from  it.  The  results  are  recorded  on  Table  II.  It  is  interesting  to  notice 
that  the  coefficients  of  dilatation  were  greater  in  the  case  of  the  '  soft '  than  the 
'hard'  steels,  a  circumstance  which  may  be  accounted  for  by  a  reference  to 
the  table  of  the  analyses,  from  which  it  will  be  seen  that  the  percentage  of  combined 
carbon  was  much  lower  in  the  '  soft '  than  in  the  '  hard '  steels ;  the   percentage 
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of  pure  koii  was  consequently  also  greater  in  the  '  soft '  steels,  this  caused  them  to 
a  greater  specific  gravity.  The  results  appear  also  to  indicate  another  circum- 
stance of  metallurgical  interest,  viz..  that  the  dilatation  was  generally  rather  more 
in  the  direction  of  the  length  of  the  metallic  cylinder-;  than  when  measured  across 
the  diameter — numerous  repeated  experiments  continued  this.  The  result  appears 
more  marked  in  the  large  round  forgings  of  hammered  steels  and  wrought  iron  than 
in  the  case  of  the  rolled  bars.  It  would  therefore  seem  probable  that  the  crystalline 
particles  of  the  metals  Buffer  slight  permanent  alteration  of  form  in  the  direction  of 
their  length  during  the  process  of  rolling  or  drawing  out,  sufficient  to  very  slightly 
affect  their  relative  longitudinal  and  transverse  dilatations. 

Furthermore,  the  observations  of  this  memoir,  conducted  at  these  very  low 
temperatures,  experimentally  confirm  the  suggestion  of  Professor  Tait,  inasmuch  as 
the  coefficients  of  dilatation  were  found  generally  to  decrease  with  the  reduced 
temperature  below  0  degs.  •'.  The  author  also  found  such  to  be  the  ease  in  his 
observations  on  the  -Heat  Dilatation  of  pure  Ice  from  very  low  Temperatures' 
(See  Proc.  "Royal  Society,  June.  1886,  No.  21.">.  page  544.) 

It  may  be  remarked  that  many  tons  of  the  various  freezing  mixtures,  snow, 
etc.,  were  required  for  the  experiments." 

The  President  asked  whether  the  fracture  of  the  iron  at  a  very  low 
temperature  bad  a  similar  appearance  to  an  overstrained  piece  of  iron? 

Mr.  Andrews — Yes. 

The  President — Because  many  years  ago  Fairbairn  conducted  experi- 
ments to  show  the  effect  of  snow  on  iron,  and  found  that  the  fractures  had 
a  crystalline  appearance  They  wanted  to  know  the  effect  of  cold  in  con- 
nexion with  colliery  work,  especially  considering  the  exposed  position  of 
the  headgear  and  pulleys.  Certainly  they  were  heated  when  the  pulley 
revolved,  but  they  should  be  made  of  an  increased  diameter  to  compensate 
for  the  effects  of  cold. 

Mr.  Andrews  said  that  would  be  so.  He  found,  speaking  roughly, 
that  the  resistance  of  metals  to  impact  at  low  temperature  was  greatly 
reduced  as  compared  with  the  resistance  at  higher  temperatures.  He 
carried  these  down  to  zero  Fahr.,  using  freezing  mixtures  to  reach  that 
temperature.  He  might  refer  to  a  few  results  recently  communicated  to 
the  Institution  of  Civil  Engineers.* 

••  A  great  number  of  railway  axles  of  the  same  kind  were  tested  for  strength  at 
different  temperatures  (212,  120,  100,  10  to  7.  and 0 degs.  Fahr.).  Each  axle  received 
the  desired  temperature  by  being  left  a  sufficient  length  of  time  in  a  water-bath  or 
freezing  mixture.  It  was  then  laid  horizontally  on  two  supports,  and  a  weighl  w 
(1  ton)  was  allowed  to  fall  freely  on  the  centre  of  the  axle  from  a  height  //  (2^  to 

*  Proe.  Inst.  C.  /.'..  1891,  rol.  cv.,  page  161. 


DISCUSSION — WEAR   AND   TEAR    OF   STEAM    BOILERS. 


131 


15  feet).  If  x  represents  the  deflection  in  the  centre  caused  by  the  blow,  then 
F  =  h  wjx  is  a  mean  measure  of  the  resistance  which  the  axle  presents  to  bending 
for  the  unit  of  length. 

After  each  blow  care  was  taken  that  the  axle  again  took  the  same  temperature 
as  before,  when  it  was  again  placed  on  the  supports  with  the  side  which  was 
previously  underneath  at  the  top,  and  again  struck  with  the  same  force  until  at 
last  breakage  took  place.  If  all  the  values  of  F  are  summed  (up  to  breakage),  this 
gives  a  measure  of  the  resisting  strength.  The  higher  the  temperature  of  the  tests 
the  greater  was  the  resisting  strength  of  the  axles  to  the  force  of  the  impact,  so  that 
the  resisting  strength  to  impact  decreases  with  the  temperature.  The  deflection,  up 
to  breaking  taking  place,  was  the  greater  as  the  axles  were  warmer.  The  other 
conditions  remaining  the  same,  the  mean  force  was  greater  with  the  stronger  blows 
(greater  fall)  than  with  the  weaker  ones.  With  warm  axles  the  surfaces  of  the 
fractures  were  more  fibrous,  with  cold  ones  more  crystalline  in  grain. 

"  The  conclusions  receive  confirmation  from  the  recent  experiments  made  in 
Sweden  by  Mr.  C.  P.  Sandberg,  Assoc.  M.  Inst.  ('.E.,  showing  the  effect  of  low 
temperature  on  the  strength  of  wrought  iron  and  steel  rails.  Mr.  Sandberg 
found  that  the  resistance  of  steel  rails  to  impact  was  considerably  reduced  at  low 
temperatures,  and  this  is  also  in  accord  with  my  experience. 

In  connexion  with  the  subject  reference  may  be  made  to  the  following  accidents 
which  have  happened  during  the  occurrence  of  prolonged  low  temperatures,  and 
afford  a  practical  accentuation  of  these  results,  viz. : — 

The  serious  Newark  accident  in  1869,  from  the  breaking  of  a  steel  tire  during 
severe  frost. 

The  following  particulars  also  show  the  increased  breakage  of  steel  rails  during 
the  cold  season  of  the  year  in  America.  The  total  number  of  accidents  is  compared 
with  that  due  to  broken  rails  : — 


1885. 

1836. 

Total. 

273 
234 
341 

Broken            Per 
Rails.            Cent. 

Total. 

447 

218 
259 

Broken 
Rails. 

67 
8 
8 

Per 

Cent. 

15-0 
3-6 
3-1 

First  quarter 
Second  quarter  . . . 
Third  quarter    ... 

Total 

23 

10 

4 

8-4 
4-3 
1-2 

848 

37 

4-4 

924 

83              9-0 

Mr.  Wallis,  Superintendent  of  the  Grand  Trunk  Railway  of  Canada,  states  : — 
'  I  may  say,  for  Mr.  Andrews'  information,  that  there  is  no  doubt  that  the  breakage 
both  of  axles  and  tires  (all  other  conditions  except  that  of  temperature  being  equal), 
is  greatly  influenced  by  the  severity  of  the  climate  in  winter.' 

On  the  Grand  Trunk  Railway  during  the  year  1884,  out  of  a  total  of  fifty-six 
broken  tender  and  car  axles,  only  twenty-three  failed  during  the  summer  months, 
and  the  remaining  thirty-three  during  the  winter  season. 

L 
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Some  statistics  of  the  total  breakages  of  tires  on  German  railways  in  1887, 
quoted  fromStahl  undEisen,  in  The  Engineer,  November 9th,  1888,  page  387, ascribe 
13  71  per  cent,  of  the  total  breakages  to  low  temperature  and  change  of  temperature. 

Reference  may  also  be  made  to  the  fracture  on  February  27th,  1889,  of  a  steel 
tire  "ii  one  of  the  driving  wheel-  of  the  locomotive  which  caused  the  train  to  fall 
through  a  bridge  at  St.  George's,  Western  Ontario,  on  February  27th,  1889,  during 
the  prevalence  of  low  temperature.  The  breakages  o\  steel  tires  in  Russia  are  aboul 
50  per  cent,  more  in  winter  than  in  summer.  Further  confirmation  is  afforded  by 
the  following  instances,  which  occurre  1  during  the  recenl  Bevere  winter,  viz.  : — 

The  fracture  of  a  wagon  axle  near  Blaydon  Station.  North  Eastern  Railway, 
early  in  December,  1890;  atmospheric  temperature  aboul  26  degs.  Fahr. 

The  sudden  fracture  of  the  Siemens'  steel  driving  axle  of  the  engine  of  a  London 
passenger  train  at  Kirtle  Bridge,  near  Carlisle,  January  8th.  is'.)]  ;  atmospheric 
temperature  at  the  time  about  17  degs.  Fahr. 

The  fracture  of  the  Siemens'  Btee]  engine  axle  of  a  passenger  train  at  Abington, 
Caledonian  Railway,  February  4th,  1801  ;  atmospheric  temperature  at  the  time 
about  34  degs.  Fahr. 

The  fracture  of  the  Siemens'  steel  axle  of  a  Bleeping  ear  on  a  Western  bound 
express  on  the  Canadian  Pacific  Railway,  near  Schreiber,  in  the  Lake  Superior 
section  of  the  line,  which  produced  such  calamitous  results  on  February  6th,  1891; 
atmospheric  temperature  at  the  time  of  the  accident  about  10  degs.  Fahr. 

Reference  has  already  been  made  in  the  former  pari  of  the  research  to  the 
extent  to  which  increased  rigidity  of  the  permanent  way  during  frost  probably 
influences  the  breakage  on  railways.  The  whole  of  the  experiments  concur  in 
substantially  demonstrating  that  the  resistance  of  railway  axles  to  impact  and 
concussion,  etc.,  is  materially  reduced  when  the  metal  is  at  a  low  temperature:  and 
these  experimental  result  sate  in  accord  with  practical  experience. 

Some  idea  of  the  difficulties  and  extent  of  the  investigation  is  afforded  when  it 
is  stated   thai   a  total  number  of  aboul   286  railway  axle-  and  forgings,  weighing 
11  tons  16  cwts.,  have  been  tested  and  destroyed  in  the  various  experiments,  and  a 
273  tons  of  -now,  ice, and  salt,  have  been  used  for  the  freezing  mixtures  required." 

It  occurred  to  him  that  a  force  of  disintegration  was  at  work  in  boilers  in 
addition  to  those  mentioned  by  Mr.  Jefferson,  namely,  the  unequal  expan- 
sion of  metals.  They  could  understand  that  with  the  crystal  of  metal 
expanding  equally  in  all  directions  if  it  contracted  equally  no  great  harm 
would  be  done,  but  if  it  expanded  unequally  constant  expansion  would 
produce  disintegration  and  ultimate  fracture.  Another  remark  he  should 
like  to  make  on  the  grooving  of  the  plates.  The  unequal  expansion  of 
metals  involved,  first,  expansion,  and  in  another  case,  which  he  had  been 
investigating,  corrosion  of  the  plates.  He  was  just  finding  out  that  the 
corrosion  of  metals  was  considerably  influenced  by  physical  strain,  and 
that  a  metal  would  corrode  at  a  certain  rate  iu  its  normal  condition,  and 
in  other  circumstances  it  would  corrode  more  or  less. 
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The  President — That  is  when  the  plate  begins  to  get  weaker  ? 

Mr.  Andrews — It  corrodes  more  rapidly.  In  the  plate  away  from 
the  buckling  portion  the  corrosion  was  normal,  but  near  the  buckling 
the  corrosion  was  increased  by  galvanic  action  set  up  by  the  part  under 
the  influence  of  strain  and  the  part  in  normal  condition  ;  so  they  had  not 
only  the  actual  corrosion  acting  upon  the  plate,  but  they  had  also  the 
corrosion  increased  by  the  galvanic  action  set  up  by  the  difference  of 
strain.  He  had  worked  this  out  in  connexion  with  a  large  number  of 
metals,  and  hoped  shortly  to  bring  it  before  the  Institution  of  Civil 
Engineers. 

Mr.  Jefferson  said  that  in  the  boiler  on  the  diagram  (Fig.  1,  Plate 
XIV.),  the  flue  was  provided  with  the  Adamson  ring  or  joint,  which  simply 
consisted  in  turning  the  flange  at  each  end  of  each  belt  or  length  of  the  flue, 
and  putting  a  ring  between  the  two  adjacent  flanges.  The  reason  for 
putting  in  the  ring  was  that  they  could  caulk  on  the  ring  better  than  on 
the  flange.  In  flanging  they  diminished  the  thickness,  and  if  the  flanges 
were  brought  in  direct  contact  they  had  no  great  thickness  to  caulk  upon, 
but  by  putting  the  ring  between  they  could  make  the  joint  much  better. 
With  regard  to  different  strains  in  the  boiler  producing  corrosion  by 
galvanic  action  he  was  inclined  to  think  that  they  could  scarcely  make  a 
distinction  between  corrosion  properly  so-called  and  corrosion  arising  from 
galvanic  or  electric  action.  His  own  opinion  was  that  the  one  did  not 
take  place  without  the  other ;  that  galvanic  action  was  simply  another 
form  of  the  same  action ;  that  wherever  they  had  chemical  action — and 
corrosion  was  chemical  action — they  had  galvanic  action. 

Mr.  Andrews — Galvanic  action  increases  chemical  action. 

Mr.  Jefferson  said,  no  doubt,  if  there  were  two  actions  one  would 
increase  the  other,  but  he  was  inclined  to  consider  them  practically  as 
parts  of  one  action  rather  than  as  two  separate  ones.  The  grooving  at 
the  front  end  of  the  plates  took  place  in  a  width  of  \  or  §  inch  at  most, 
but  they  got  another  kind  of  grooving  or  channelling  in  the  plates  of 
boilers  more  particularly  in  the  ends  of  plates  close  to  the  lap  edge.  Close 
to  the  lap  joint  on  the  fire  side  of  the  boiler  they  would  often  find  the  iron 
eaten  away  for  a  considerable  distance.  Wherever  there  was  a  lap  joint, 
whether  in  a  circular  seam  or  in  a  longitudinal  seam,  the  tendency  was  to 
bend  the  plate  so  as  to  put  the  latter  in  a  direct  line  with  the  centre  line 
of  rivets.  The  line  of  resistance  tended  to  lie  in  a  straight  line,  and  to 
upset  the  iron  close  to  the  edge  of  the  lap  on  both  sides.  There  were  no 
doubt  different  strains  in  the  iron  caused  thereby  which  might  induce 
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galvanic  action  or  corrosion,  such  as  was  frequently  found  to  extend  3 
or  4  inches  from  the  lap.     He  was  much  obliged  for  the  vote  of  thanks. 
The  President  said  the  discussion  would  be  resumed  when  the  paper 
was  published. 


It  was  agreed  that  the  discussion  of  all  the  papers  on  the  agenda  paper 
with  the  exception  of  that  on  "The  Pumping  Appliances  used  in  the 
Sinking  Operations  at  the  Cadeby  New  Winning"  be  closed. 


The  President  said  he  had  received  a  communication  from  the 
Chesterfield  Institute  in  reference  to  the  joint  meeting  in  April  next,  and 
it  was  agreed  that  the  Secretary  should  write  suggesting  the  second 
Saturday  in  April  or  the  first  Saturday  in  May  as.  suitable  days. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL   MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  January  14th,  1893. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members,  having  been  previously 
nominated : — 

Mr.  L.  T.   O'Shea,  Lecturer  in   Coal-mining  and  Chemistry,  Firth  College, 

Sheffield. 
Mr.  Roland  Elstone,  Mining  Student,  Summer  Lane,  Barnsley. 


Mr.  Walter    Hargreaves  read  the   following   paper  on    "Some 
Systems  of  Underground  Haulage  at  Messrs.  Charlesworth's  Collieries:" — 
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SOME    SYSTEMS    OF    UNDERGROUND     HAULAGE    AT 
MESSRS.  CHARLESWORTH'S  COLLIERIES. 


!!v    WALTER    HARC.REA  Y  KS. 


It  has  been  suggested  on  several  occasions  that,  in  order  to  give 
continuity  to  the  discussions  on  underground  haulage,  members  should 
write  papers,  and  come  prepared  with  facts  in  connected  form,  pertaining 
to  systems  of  haulage  in  operation  at  their  own  collieries. 

In  falling  in  with  this  arrangement,  the  writer  simply  records  the 
various  systems  of  haulage  in  operation  at  the  collieries  named,  and 
whilst  not  claiming  any  novelty  for  these,  puts  them  forward,  with 
perhaps  one  exception,  as  examples  of  proper  and  economical  systems 
chosen  from  the  many,  and  best  suited  to  the  places  in  which  they  are 
working. 

Of  the  20  separate  haulages  in  operation  at  these  collieries,  18  are 
worked  by  engines  fixed  on  the  surface,  and  2  are  worked  by  engines 
underground,  the  steam  being  sent  down  the  downcast  shaft.  Boilers 
in  all  eases  have  been  eschewed.  The  20  haulages  may  be  classified  as 
follows  : — 9  mainland-tail-rope ;  G  main-rope ;  5  endless-rope. 

The  total  length  of  ropes  running  in  these  plants  is  about  40  miles. 
Compressed  air  and  electricity  have  so  far  been  avoided  as  motive  powers, 
these  not  being  yet  thought  within  the  range  of  practical  economical 
systems;  for  whilst  compressed  air  may  be  absolutely  safe,  and  in  many 
instances  a  most  useful  ally,  yet  from  the  point  of  view  of  economy  the 
faint  praise  of  gentlemen  who  have  adopted  it  has  practically  sufficed  to 
present  its  general  adoption. 

As  to  electricity,  it  may  be  perhaps  premature  to  express  such  an 
opinion,  but  when  the  cost  of  electric  traction  as  applied  to  the  tramways 
of  our  large  towns — where  the  conditions  are  certain  to  be  much  more  in 
favour  of  the  engineers1  skill  than  in  the  narrow  and  often  crooked 
ges,  steep  gradients,  ami  ever  varying  circumstances  of  the  mine- 
when  the  cost  is  said  to  be  much  greater  than  either  horse  traction  or 


UNDERGROUND   HAULAGE.  137 

steam  traction ;  when  we  consider  the  experience  of  gentlemen  who  have 
tried  electric  haulage,  and  who  only  advise  its  adoption  "  when  it  is 
impossible  to  manage  otherwise ;  "*  the  precise  time  at  which  this  point 
may  be  reached  is  perhaps  debatable,  but  cautious  men  may  be  excused 
if  they  hesitate  before  embarking  in  such  a  venture. 

Opinions  differ  as  to  the  merits  and  demerits  of  the  various  systems 
of  haulage,  and  none  as  yet  have  proved  equally  adaptable  to  every 
condition  of  roadway  in  the  mine,  a  fact  which  has  been  duly  recognized 
in  the  erection  of  the  works  described. 

Having  regard  to  the  many  haulages  of  each  kind  at  work,  it  is  only 
necessary  to  describe  a  few.  Commencing  therefore  with  the  most  ancient 
system,  the  only  one  of  its  kind,  and  which  has  only  a  very  short  time  to 
exist. 

ROTHWELL   HAIGH   COLLIERIES. 

No.  1  haulage  is  in  operation  at  the  Midland  pit,  Rothwell  Haigh 
colliery.  The  engine  is  underground,  geared  8  to  1,  and  steam  taken  to  it 
from  the  surface.  The  engine-plane  clips  1  in  17.  The  corves  are  mounted 
on  rolleys,  each  rolley  weighs  7  cwts.  and  takes  5  corves,  and  10  rolleys 
compose  a  set.  The  empties  gravitate  in-bye,  taking  the  rope  with  them. 
The  corf-wheels  are  of  the  old  type,  the  flange  being  on  the  plate  while 
the  rolleys  run  on  edged-rails  and  have  large  wheels.  The  plane  is 
1,320  yards  long  and  this  system  is  fed  by  a  tail-rope  system. 

It  may  be  presumed  that  the  object  in  using  rolleys  was  to  avoid  the 
friction  of  the  old  corf-wheels :  there  only  being  40  wheels  running  of  an 
improved  type,  as  against  200  of  a  very  bad  type ;  however,  the  writer 
does  not  offer  any  defence  for  the  continuance  of  this  arrangement,  which 
will  probably,  as  before  mentioned,  be  of  brief  duration. 

With  regard  to  the  cost  of  this  scheme.  The  coal  drawn  along  it  is 
2,200  tons  per  week,  and  the  cost  is  as  follows : — 


&    s. 

d. 

1  Engineman 

... 

1  13 

6 

1  Run-rider 

1  19 

0 

1  Roadman             

2     1 

6 

6  Loaders,  2s.  6d.  ... 

0  15 

0 

Rope   costs   £90   and   lasts 

three 

years  =  per  week 

0  12 

0 

£710=  -76d.  for  1,320  yards, 
or  rOld.  per  ton  per  mile. 


*  Trans.  Fed.  Inst.,  vol.  iii.,  page  185. 
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Robin  Hood  Collieries  (Figs.  1  and  2,  Plate  XV.). 

No.  2  haulage  is  in  operation  at  the  Robin  Hood  colliery,  and  is  on 
the  main-and-tail-rope  system.  The  gradient  varies  at  this  colliery  from 
1  in  12  to  level.  The  engine  is  on  the  surface,  and  has  a  pair  of  horizontal 
20  inches  cylinders  working  6  feet  drams  of  wrought  iron  and  geared 
3^  to  1.  The  main-rope  is  §  inch  in  diameter,  tail-rope  £  inch,  and  thay  are 
taken  down  the  shaft  in  wooden  pipes.  The  seam  is  only  2  feet  8  inches 
in  thickness,  and  the  corves  carry  4  to  5  cwts.  of  coal ;  they  are  run  in  sets 
of  55  to  60  and  travel  at  a  speed  of  12  nriles  per  hour.  There  are  six 
branches  of  roadways  hauled,  ami  the  coal  is  trammed  to  the  pass-byes  of 
each  branch  by  boys. 

The  points  worthy  of  notice  in  this  system  are  : — 
a. — Simple  method  of  getting  round  curves. 
b. — Method  of  disconnecting  all  branches  and  working  the  one 

required  alone. 
c . — Method  of  moving  haulage  forward  as  the  face  advances. 

Taking  the  points  in  the  order  named : — 

a. — Ordinary  lu  inches  upright  rollers  running  in  frames  are  used, 
fixed  on  the  inside  of  the  curve  to  take  the  two  ropes  round,  and  as  the 
inside  rail  is  risen  from  4  to  8  inches  higher  than  the  outside  rail,  this 
overcomes  entirely  the  tendency  to  draw  the  tubs  over  to  the  inside  ;  these 
curves  are  so  perfectly  safe  that  it  is  most  unusual  for  the  set  to  be  thrown 
off  the  road  while  passing  round,  and  the  engineman  cannot  tell  when  he 
is  rounding  a  curve.  The  curves  vary  in  radius  in  this  pit  from  66  to 
90  feet. 

b. — Disconnection  of  branches.  As  shown  in  Fig.  1,  there  is  one 
straight  road  from  the  shaft,  with  four  branches,  and  one  branch  is 
divided  into  two  more,  making  six  in  all.  The  usual  thing  in  tail-rope 
haulage  would  be  to  make  the  straight-road  rope  always  ran,  and  stop 
the  set  at  the  branch  road  required  to  be  taken,  then  couple  the  ropes. 
laying  on  the  branch  to  the  straight-road  rope,  and  so  proceed — thus  the 
ropes  of  two  branches  are  moved,  but  only  one  is  passing  coal. 

This  was  done  in  the  system  under  notice  until  about  three  years 
ago,  when  a  pair  of  clippers,  the  invention  of  the  enginewright,  was 
introduced,  which  would  act  readily  and  would  pass  any  sort  of  pulley, 
and  also  up  the  wooden  conducting-pipes  and  on  to  the  dram. 

All  the  branches  have  idle  ropes  laid  in  and  out,  and  when  the  set  is 
at  the  pit  bottom,  the  ropes  of  the  straight-road  are  severed  at  any  branch, 
and  the  rope  between  the  shaft  and  the  branch  are  joined  by  a  pair  of 
clippers,  and  so  that  branch  works  alone. 
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It  was  found  three  years  ago  that  the  engine-power  was  not  sufficient 
to  run  the  set  at  more  than  5  miles  per  hour,  on  account  of  having  so 
much  dead  rope  to  move.  The  clippers  were  then  introduced,  and  an 
immense  relief  was  experienced. 

c. — The  coal  is  worked  longwall  and  the  main  haulage-gates  are 
8  chains  apart.  Owing  to  the  thinness  of  the  seam,  slant  cross-gates  are 
put  in  every  2  chains  right  and  left  of  the  engine  road,  and  as  soon  as 
the  old  cross-gate  is  finished,  the  return  haulage -pulley  is  moved  forward 
to  the  new  cross-gate,  and  so  the  distance  to  tram  the  coal  is  never  more 
than  150  yards,  and  averages  about  70  yards.  The  faces  move  about 
4  chains  per  year,  so  that  the  six  haulage-pulleys  are  each  moved  twice 
a  year  or  one  per  month.  The  cost  of  moving  the  pulley  varies  from 
£2  5s.  to  £3. 

By  this  means  horse-haulage  has  been  entirely  excluded,  and  for 
ten  years  there  was  only  one  pony  in  the  pit,  and  this  was  used  when  night 
bye-workmen  required  timber,  etc.,  to  be  moved.  The  amount  of  coal 
hauled  is  from  2,100  to  2,400  tons  per  week,  and  the  cost  is  as  follows : — 


1  Run-rider 

2  Corporals... 
1  Linker 

1  Engineman 
1  Roadman... 


&    s. 

d. 

1  16 

0 

2  16 

0 

0  12 

0 

1   13 

0 

1   19 

0 

£8  16     0  =  -94d.  for  2,000  yards, 
or  -82d.  per  ton  per  mile. 


The  weekly  cost  of  repairs  to  corves  in  this  haulage  is : — 

No.  of  corves,  550.  £    s.  d. 
Cost  of  material  for  repairs,  including  all  small 

repairs  and  general  rebuilding           ...         ...  1   11  0 

Labour         ...          ...         ...         ...         ...         ...  0  15  0 


£2     6     0 


The  cost  of  labour  alone  is  taken,  as  the  cost  of  ropes  cannot  be  easily 
got  at.  All  the  ropes  used  in  this  haulage  have  worked  from  eighteen 
months  upward  in  the  Silkstone  seam  of  this  colliery,  the  haulage  of 
which  is  heavier  than  the  one  under  notice. 

An  endless-rope  haulage  has  recently  been  put  down  in  the  Beeston 
seam  of  the  Robin  Hood  colliery  by  the  writer,  and  is  working  fairly 
satisfactorily,  but  as  the  seam  is  a  newly-opened  one,  and  the  endless- 
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haulage  not  called  niton  to  do  more  than  half  the  work  it  is  capable  of 
doing,  comparison  in  the  matter  of  cost  cannot  be  made  between  this 
and  the  main-and-tail-rope. 

The  engine  driving  this  haulage  is  at  the  upcast  and  1  mile  away 

from  the  downcast,  it  has  an  horizontal  cylinder  18  inches  in  diameter, 
ami  3  feel  stroke,  and  is  used  for  three  purposes,  viz.:- — 

1. — Hauling  coal  up  incline  on  surface  for  fan  boilers  and  its 

own,  1,320  yards. 
2. — Pumping  water  for  boilers  from  a  well  200  yards  away. 
3. — Endless-rope  haulage  in  mine,  8,600  yards. 
As  the  latter  alone  concerns  underground  haulage  we  will  name  a  Uw 
points  : — The  endless  drum  is  4  feet  6  inches  in  diameter;  the  rope,  which 
is  §  inch  in  diameter,  passes  2|  times  round  ;  the  tension-pulley  and 
screw  are  fixed  on  the  surface,  60  yards  from  the  engine-house  at  the 
empty-rope  side:  this  has  been  found  useful,  as  the  haulage  has  been 
extended  four  times,  and  had  the  tension-gear  been  in  the  middle  of  the  road 
at  the  terminus  of  the  haulage,  the  road  would  have  been  to  make  much 
bigger  each  time.  Such  things  are  a  consideration  in  thin  seams:  the 
arrangement  is  convenient  also  for  the  engineman  who  can  see  it  con- 
stantly, and  if  anything  is  wrong  remedy  it,  and  also  for  splicing  ropes, 
etc.,  as  this  may  be  done  on  the  suface.  The  signals  are  all  electric,  and 
telephones  are  carried  by  the  corporals,  who  communicate  with  the 
engineman  when  necessary,  and  this  often  occurs  during  the  day. 

The  rope  is  taken  down  the  upcast  (no  pipes),  which  is  a  fan  pit, 
travels  2£  miles  per  hour,  and  is  divided  by  horizontal  pulleys  at  the 
bottom,  it  runs  on  the  top  of  the  corves ;  the  gradient  varies  from  1  in  8 
to  1  in  50  and  is  for  the  greater  part  in  favour  of  load;  but  for  short 
distances,  the  inclination  is  1  in  12  against  the  load.  There  are  two  curves, 
and  these  are  fitted  with  unequal  flanged  pulleys  hung  in  the  roof.  The 
corves  are  attached  to  the  rope  by  lashing-chains  of  \  inch  iron,  about 
12  feet  long;  the  chain  is  taken  three  times  round  the  rope  and  then  laid 
in  the  hook;  the  number  sent  out  on  a  chain  varies  from  3  to  15  :  the 
corves  only  carry  5  cuts. 

At  the  curves,  slides  are  placed  to  guide  the  corf  and  check-rails,  so 
that  if  the  corf  docs  get  off  the  road  it  is  thrown  on  again.  The  approach 
to  each  curw  is  made  to  dip  to  the  curve  for  either  full  or  empty  corves 
and  to  rise  slightly  away  from  the  curve;  by  this  means  the  lashing-chain, 
either  hack  or  front,  is  slack  at  the  pulleys  and  passes  easily,  and  in  most 
the  load  passes  round  without  assistance.  The  curves  vary  from 
6 1»  to  10U  feet  in   radius.      No  attempt    has  heeii  made  to  take  out  the 

cost  of  this  endless-haulage  for  reasons  before  stated. 
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Thrybergh  Hall  Colliery  (Figs.  3  and  4,  Plate  XV.). 

At  Thrybergh  Hall  colliery  the  whole  of  the  machinery  employed  in 
hauling  coal  is  fixed  above-ground,  and  the  ropes  in  all  cases  are  taken 
down  the  pit  in  wooden  pipes. 

There  are  seven  separate  and  distinct  haulages  in  operation,  and  the 
particulars  and  work  of  each  may  be  taken  seriatim,  and  the  drums  called 
for  convenience  A,  B,  C,  D,  E,  F,  and  G.  The  drums  A,  B,  C,  D,  and  G 
work  the  roads  marked  on  Fig.  3  by  the  same  letters;  while  drum  F 
works  the  roads  X,  Y,  and  Z  ;  and  the  drum  E  is  not  yet  at  work. 

The  seam  worked  is  the  Barnsley  Bed  averaging  about  8  feet  in 
thickness.  The  corves  weigh  3f  cwts.  and  hold  8  to  9  cwts.  of  coal ;  the 
wheels  are  steel  and  are  10  inches  in  diameter.  The  dip  of  the  seam 
varies  from  1  in  5  to  1  in  2-5,  as  shown  in  section  (Fig.  4).  The  coal  is 
delivered  into  the  pit  bottom  by  three  roads,  A  and  B  on  one  road,  C  and 
G  on  another,  and  X  Y  Z  on  the  third  road.  D  delivers  to  the  upcast 
pit  bottom. 

Taking  the  haulages  in  the  order  above  stated : — A  and  B  are  two 
drums  on  one  shaft  driven  by  a  pair  of  high-pressure  engines,  26  inches 
cylinder,  5  feet  stroke,  direct-acting.  The  road  marked  A  dips  from 
1  in  4  to  1  in  2*6;  the  empties  therefore  gravitate  in-bye,  taking  the  rope, 
which  is  1|  inches  in  diameter,  and  2,000  yards  long,  along  with  them. 
There  are  five  stations  in  this  plane  and  journeys  are  made  to  them  in 
due  order.  Twenty-two  corves  compose  a  set  and  seventeen  journeys 
constitute  a  day's  work  of  eight  hours.  The  speed  run  is  about  8  miles 
per  hour.  The  ropes  last  about  fourteen  months  and  work  three  shifts 
per  day.  The  cost  of  hauling  150  tons  per  day  of  8  hours  on  A  is  as 
follows : — 

5  Stations,  4  lads 

1  Run -rider    .. 

I3  Roadmen    ... 

1  \  Boys  at  bankhead 

\  Engineman,  brakesman,  tirer 

£1     9     7  =  2-36d.  for  1,200  yards, 
or  3"46d.  per  ton  per  mile. 

The  B  drum  is  7  feet  6  inches  in  diameter  with  wrought-iron  sides, 
and  is  working  the  road  marked  B  on  Fig.  3.  The  dip  of  this  road  is  from 
1  in  2 "5  to  1  in  10,  it  runs  parallel  to  A  for  300  yards,  and  then  turns  off 
at  an  angle  of  137°.  As  before  said,  A  and  B  are  on  one  shaft,  and 
while  A  is  being  wound  up,  B  is  being  braked  down,  and  vice  versa.  The 
rope  is  2,000  yards  long,  and  J  |  inches  in  diameter ;  the  load  is  twenty 
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tubs  ;  speed,  8  miles  an  hour;  life  of  rope,  three  shifts,  fourteen  months. 
The  cost  of  hauling  L25  tons  per  day,  ou  B,  is  as  follows: — 

£  8.  (1. 

•1  Stations,  1  lads       0  8  0 

Run- rider       0  5  (5 

Roadman         ...         ...         ...     0  6  6 

1£  Boys  at  bank-head  ...     0  4  9 

^Engineman,  flier,  brakesman    0  4  8 

£1     8     5  =  2-72d.  for  1,650  yards, 
or  2*96d.  per  ton  per  mile. 

Steam  is  supplied  by  five  30  feet  boilers  of  Cornish  type,  two  of  which  have 
Fox  patent  tubes. 

C,  D,  E,  and  F  are  each  hauling  separate  districts,  but  are  worked  by 
an  engine  with  a  pair  of  high-pressure  horizontal  24  inches  cylinders.  A 
and  B,  and  C  and  D  are  main-rope  systems  ;  and  E  and  F  are  two  endless- 
rope  systems,  of  which  F  alone  is  working. 

Taking  C  first,  it  is  geared  3  to  1 ;  the  drum  is  7  feet  6  inches  in 
diameter,  with  wrought-iron  sides :  rope,  f  inch  in  diameter,  1,800  yards  in 
length,  and  working  the  road  marked  C  on  Fig.  3,  Plate  XV.,  which  dips 
1  in  9,  empties  gravitate  in-bye  and  take  in  the  rope ;  the  set  is  composed 
of  22  tubs,  which  are  delivered  on  to  the  G  endless-haulage  at  the  junction 
shown.  The  speed  run  is  about  8  miles  per  hour,  and  the  present  rope, 
which  is  the  first  put  on,  has  been  working  twelve  months. 

The  D  drum  is  a  facsimile  of  C,  but  the  work  is  much  more  severe ; 
the  gradient  is  from  1  in  4  to  1  in  2*25  ;  the  rope  is  £  inch  in  diameter, 
and  16  tubs  make  a  set ;  there  are  four  stations  in  this  haulage,  and  the 
delivery  is  to  the  upcast  pit  bottom. 

There  are  separate  signals  for  each  of  the  four  haulages,  named  A, 
B,  C,  and  D ;  separate  sets  of  wires,  No.  8.  B.W.G.,  uninsulated,  being 
taken  down  the  shaft,  and  having  separate  bells  in  the  engine-houses. 
Telephones  are  used,  so  that  communication  can  be  held  between  the 
engineman  and  those  in  the  pit ;  this  is  of  great  importance  in  mines  of 
such  formidable  dips  as  that  noticed. 

The  F  haidage,  as  before  stated,  is  an  endless-rope  scheme  worked 
from  the  same  engine  as  C  and  I).  The  F  drum  is  geared  10  to  1  ;  a 
clutch  being  used  for  throwing  the  drum  in  or  out  of  gear.  The  rope, 
which  is  4,700  yards  long  and  §  inch  in  diameter,  passes  4^  times  round 
the  drum  and  travels  from  the  pit  bottom  to  the  point  marked  X  on 
Fig.  3,  Plate  XV.,  before  commencing  work.  It  then  passes  on  to  the 
point  marked  W,  where  a  set  of  three  wheels  are  fixed  on  a  6  inches 
upright  shaft,  the  rope   is   taken   round   the    middle   wheel  3.\   times, 
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and  this  friction  is  used  for  driving  the  other  two  wheels.  These 
two  wheels,  which  may  be  called  Y  and  Z,  are  provided  with  clutches  to 
throw  in  and  out  of  gear  at  will.  Taking  Z  for  the  top  wheel,  the  rope, 
which  is  I  inch  in  diameter,  is  taken  round  Z  3^  times,  and  then  passes 
on  the  level  for  100  yards,  and  then  up  an  ending  for  400  yards,  which  is 
slightly  in  favour  of  load,  to  the  point  Z1,  where  a  throw-down  fault  of  19 
yards  has  been  tunnelled  at  a  gradient  of  1  in  2#25.  The  wiieel  Y  is 
working  on  the  level  in  the  opposite  direction,  and  to  the  north  of  W ; 
the  rope  is  f  inch  in  diameter  and  passes  round  the  wheel  3^  times,  it 
then  works  the  level  for  800  yards  and  500  yards  of  ending  to  Y1 ;  the 
whole  of  this  is  in  favour  of  load ;  the  throw  is  being  tunnelled  out  at  Y1 
in  the  same  manner  as  at  Z1,  and  the  ropes  will  then  be  taken  forward. 

The  tension-pulley  in  both  Y  and  Z  is  fixed  at  the  end  of  the  ropes ; 
it  stands  on  a  rolley,  and  is  tightened  by  a  screw.  The  tension-pulley 
for  the  driving-rope  in  this  scheme  is  fixed  about  300  yards  in-bye  from 
pit  bottom  on  the  empty-rope  side.  The  corves,  in  sets  of  3  to  20, 
are  attached  to  the  ropes  by  lashing-chains,  made  from  J  inch  iron, 
14  feet  long  ;  speed  travelled,  2  miles  per  Hour  ;  all  ropes  travel  on  the  top 
of  the  corves.  At  W,  a  person  is  in  charge  of  the  clutches,  and  the  branches 
Y  and  Z  signal  to  him  when  they  want  stopping ;  the  signals  are  electric, 
and  the  main  driving-rope  signals  to  the  engineman  at  the  surface. 

The  F  Y  Z  haulage  has  only  been  in  operation  about  twelve  months, 
but  is  doing  admirable  work,  and  the  advantage  derived  from  the  gradient 
in  favour  of  load  renders  the  steam-power  required  practically  nil. 

The  G  haulage  is  an  endless-rope  driven  by  a  pair  of  horizontal 
engines,  12  inches  cylinders,  geared  4^  to  1.  The  rope  is  4,600  yards 
long,  |  inch  in  diameter,  is  taken  4|  times  round  the  endless  wheel  and 
passes  down  the  upcast  shaft ;  it  is  brought  into  the  road  G,  near  the  pit 
bottom.  The  work  of  this  rope  is  favourable,  the  gradient  being  slightly 
in  favour  of  load  ;  the  tubs  are  lashed  by  chains  back  and  front  on  to  the 
ropes,  and  the  rope  travels  on  the  top  of  the  corves ;  the  speed  is  2  miles 
per  hour.  This  haulage  is  fed  by  self-acting  inclines  on  the  top  side,  and 
by  the  C  main-rope  haulage  on  the  low  side.  The  life  of  ropes  on  this 
system  is  about  two-and-a-half  years.  The  cost  of  hauling  300  tons  per 
day,  on  G,  is  as  follows : — 


£     s. 
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Engineman 

...     0     2 

0 

6  Lads 

...     0  12 

0 

2  Roadmen... 

...     0  11 

0 

Firer 

...     0     4 

0 

£1     9     0  =  M6d.  per  ton  for  2,000  yards, 
or  l"02d.  per  ton  per  mile. 
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The  weekly  cost  of  repairs  to  the  1,600  corves  in  use  is  as  follows: — 

E  b.  d. 
Coal  of  materia]  for  repairs,  including  all 

small  repairs  and  general  rebuilding    ...        5  7  0 

Labour ...        ...        3  3  3 

£8  10    3 
It  is  estimated  that  85  per  rent,  of  the  breakages  occur  on  the  main- 
rope  inclines. 

In  conclusion,  though  the  description  of  the  haulages  in  operation 

may  not  be  as  complete  as  desirable,  it  is  hoped  that  the  items  of  interest 
which  individual  members  may  have  looked  for  and  not  found  may  he 
brought  out  by  discussion,  and  any  additional  particulars  will  be  willingly 
given  by  the  writer. 


The  President  said  that  before  the  discussion  took  place  lie  wished  to 
propose  a  vote  of  thanks  to  Mr.  Walter  Hargreaves  for  his  paper. 

Mr.  W.  Hoole  Chambers  said  he  had  great  pleasure  in  seconding 
the  resolution.  Rope-haulage  was  a  subject  of  very  great  importance  to 
mining  engineers,  and  the  most  economical  way  of  applying  it  to  the 
varying  circumstances  of  the  mine  was  one  of  the  most  important  things 
to  which  a  colliery  engineer  could  devote  Ids  attention.  Tie  agreed  with 
the  author  of  the  paper  when  he  said  they  could  not  lay  down  any  system 
of  rope-haulage  winch  would  be  suitable  for  every  condition  and  all  the 
difficulties  they  had  to  contend  with  in  colliery  working.  He  had  given 
his  reasons  in  his  paper1  recently  read  before  the  Midland  Institute  for 
generally  preferring  the  endless-rope  system,  but  it  was  patent  to  mining 
engineers  that  there  were  circumstances  in  which  that  might  not  be  the 
best  system  to  adopt.  The  Institute  would  accord  to  Mr.  Hargreavea  a 
very  hearty  vote  of  thanks. 

The  resolution  wa.s  unanimously  agreed  to. 

Mr.  R.  Wordsworth  said  that  the  question  of  repairs  ought  to  be 

taken  into  consideration  seeing  that  with  the  endless-rope  they  seldom 
got  serious  damage  done,  whilst  with  the  tail-rope  system  they  often  had 
accidents  costing  upwards  of  L'.r>0.  If  this  item  was  included  in  the  costs, 
la    thought  the  figures  would  favour  the  endless-rope  system. 

Mi'.  Bennett  asked  what  particular  one  of  the  three  or  four  widely 
varying  systems  of  electric  haulage  was  referred  to  ? 

Mr.  WARD  said  there  was  no  haulage  by  electricity  or  steam-power 
when  he  was  a  boy.    The  haulage  when  he  first  went  down  a  pit,  sixty  years 

*  Trans.  Fid.  Inst.,  vol.  iii.,  page  970. 
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ago,  was  by  means  of  a  belt  round  the  loins  and  a  chain  between  the  legs 
of  the  person  hauling,  who  went  on  all  fours  like  a  dog.  The  first  improve- 
ment was  effected  at  the  Kexbro'  Field  collieries  belonging  to  the  Messrs. 
Wilson,  who  used  metal  "  tram-plates." 

The  President — That  is  the  flanged  rail  ? 

Mr.  Ward — This  introduction  of  the  tram  plate  or  L-iron  took  place 
fifty-nine  years  ago,  in  1833.  The  Messrs.  Wilson  went  from  Silkstone 
and  sunk  a  pit  in  the  Kexbro'  Field.  There  was  a  large  fault,  and  they 
found  the  Kent  Main  instead  of  the  Silkstone  coal. 

The  President — Then  the  first  haulage  on  wheels  took  place  in  this 
district  in  1833. 

Mr.  Fitton  said  that  in  some  cases  the  inclination  was  in  favour  of 
the  load.  Were  the  tubs  or  train  attached  at  both  ends  or  only  by  one 
lashing-chain  ? 

Mr.  Walter  Hargreaves  replied  that  the  tub  was  attached  at  both 
ends. 

Mr.  Fitton  said  that  where  the  road  was  in  favour  of  the  load,  if  the 
corves  were  not  attached  at  both  ends,  the  chains  would  slacken  by  the 
twisting  of  the  rope,  and  would  consequently  become  unhooked. 

The  President  asked  what  was  the  radius  of  the  curve  ?  and  further  said 
that  the  cost  of  repairs  formed  a  serious  item  in  the  rope  system  of  haulage. 

Mr.  Walter  Hargreaves  did  not  agree  as  to  the  costs  of  repairs,  as 
the  repairs  with  some  of  the  endless-rope  systems  he  had  described  were 
greater  than  with  the  tail-rope  systems.  The  trains  ran  at  a  fairly  high 
speed,  but  the  number  of  breakages  was  very  small.  In  a  pit  with  600  tubs 
running,  one  old  man  kept  them  all  in  repair,  changed  the  broken  wheels, 
etc.,  whilst  with  the  endless-haulage  at  Thrybergh,  he  believed  that  there 
was  a  considerable  number  of  tubs  broken  every  week.  Mr.  AVordsworth 
assumed  that  the  breakages  were  greater  with  the  tail-rope  than  with  the 
endless-rope  system.  His  information  respecting  electric  haulage  was 
obtained  from  papers  read  by  others;  he  had  no  particular  system  in 
view.  In  endless-rope  haulage  a  great  deal  depended  upon  the  straight- 
ness  of  the  roads.  If  the  roads  were  crooked,  every  expense  was  greatly 
enhanced.  The  straighter  the  roads,  the  easier  the  work  and  the  less  the 
expense. 

The  President  said  these  remarks  applied  equally  to  every  form  of 
haulage. 

Mr.  Hargreaves — But  more  especially  to  the  endless-rope  system. 
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DISCUSSION  ON  Mi;.  W.M.  HENRY  CHAMBERS'  PAPER  oX 
"THE  PUMPING  APPLIANCES  QSED  IN  THE  SINKING 
OPERATIONS  AT  THE  OADEBI  NKW  WINNING."* 

Mr.  W.  Henry  Chambers  Baid  he  had  tried  bo  explain  as  concisely  as 
possible  the  methods  thai  they  adopted  for  dealing  with  the  water.  The 
pumping  was  completed  and  the  pumps  dispensed  with  when  the  paper 
was  written. 

The  President  asked  if  they  had  been  able  to  use  any  of  the  pumps 

and  material  after  they  had  finished  pumping  ? 

Mr.  W.  Eenrt  Chambers  replied  that  all  the  plant  had  been  sold 
except  one  pump,  which  had  been  lent. 

The  President  said  that  a  ready  sale  was  one  of  the  advantages  of 
using  smaller  pumps.  If  they  had  used  a  large  pump  with  a  24  inches 
barrel,  a  considerable  quantity  of  appliances  would  have  been  left  on  their 
hands  for  several  years. 

Mr.  W.  Henry  Chambers  said  they  had  been  able  to  dispose  of  the 
whole  of  the  materia]  after  they  had  done  pumping,  at  slight  reductions 
on  cost  prices.  Many  of  the  pipes  had  been  sold  at  cost  price,  and  they 
could  have  sold  the  remainder,  but  were  keeping  them  for  their  own  use. 

The  President  asked  if  any  member  could  say  what  chance  there 
would  he  of  disposing  of  a  pumping-planl  with  a  24  inches  working  barrel  ? 

Mr.  W.  Henry  Chambers  said  he  was  erecting  a  bridge,  and  had 
bought  a  lot  of  pump-trees  at  the  price  of  old  iron,  to  be  used  as  columns 
for  the  bridge. 

Mr.  J.  E.  Chambers  asked  what  was  the  advantage  of  having  pumps 
of  unequal  area  over  those  of  equal  area? 

The  President  said  this  was  a  question  of  pumping  with  the  pumps 
suspended  in  the  shaft,  instead  of  having  large  machinery  on  the  surface 
and  the  working-barrels  in  the  shaft.  Mr.  Chambers  had  found  great 
advantage  from  the  suspended  puinps. 

Mi-.  W.  Henry  Chambers  Baid  the  little  rams  were  half  the  area  of 
the  bottom  of  the  plunger.  If  they  had  the  full  area  of  the  bottom  of  the 
plunger  to  force  up  the  pipes  at  each  stroke  they  would  have  required  a 
much  larger  cylinder,  and  there  would  have  been  a  great  waste  of  steam 
in  rilling  the  cylinder  at  every  lift. 

Mr.  J.  E.  CHAMBERS  said  what  he  meant  was.  why  not  have  the 
bottom  of  the  plunger  of  equal  area  with  the  top  one.  instead  of  having 
two  of  equal  size  ? 

*  Traits.  F,il.  Just .,  vol.  iii..  page   "'13. 
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Mr.  W.  Heney  Chambers  said  that  both  at  the  up  and  at  the  down 
stroke  they  forced  the  same  quantity  up  the  tube,  and  so  got  a  continuous 
flow. 

Mr.  J.  E.  Chambers  rejoined  that  was  what  he  meant — having  pumps 
of  unequal  areas  they  got  an  equal  flow. 

The  President  said  Sir  William  Armstrong  first  introduced  that 
motion  for  the  purpose  mentioned. 

Mr.  Hargreaves  said  there  was  much  less  weight,  compared  with 
the  old  system  of  pumping  with  quadrants  and  pumps  24  or  25  inches  in 
diameter. 

The  President  asked  what  was  the  largest  quantity  of  water 
pumped  ? 

MivTV.  Henry  Chambers  said  that  he  put  it  less  in  the  paper  than 
it  really  was,  because  there  might  have  been  a  doubt  raised  as  to  the 
quantity  of  water  they  could  pump.  He  tested  the  pumps,  one  after 
another.  There  were  three  pumps  working  in  the  shaft,  and  he  found 
they  were  pumping  in  excess  of  the  calculated  quantity,  that  was,  up  to 
80,000  gallons  an  hour  each.  Some  of  the  pumps  were  running  45 
strokes  a  minute  for  weeks  together. 

The  President — Do  you  wish  us  to  understand  that  the  total 
quantity  within  the  pit  produced  by  the  strata  was  240,000  gallons  per 
hour  ? 

Mr.  TV.  Henry  Chambers — No  ;  there  were  six  pumps,  and  they 
averaged  70,000  gallons  per  horn.'  each. 

The  President — At  one  particular  time  ? 

Mr.  TV.  Henry  Chambers — Yes;  and  that  volume  of  water  was 
pumped  for  three  months. 

The  President — So  that  you  had  420,000  gallons  per  hour  ? 

Mr.  TVard  said  he  had  been  much  pleased  with  the  Bailey  pump.  He 
had  one  weighing  (with  pipes  and  water,  70  yards  up  to  the  top  of  pit) 
12i  tons  suspended  on  a  galvanized  steel  rope  in  a  pit,  which  was  flooded, 
and  pumping  17,000  gallons  per  hour  at  42  lbs.  steam  pressure. 

The  President  said  he  had  never  known  a  sinking  in  Yorkshire 
that  had  to  deal  with  420,000  gallons  per  hour. 

Mr.  TV.  Henry  Chambers  said  they  tubbed  it  off  in  very  short 
lengths,  but  it  soon  overtook  them  again.  The  full  quantity  followed 
them  down  for  110  yards.  Until  they  got  80  yards  down,  they  were  not 
able  to  fix  a  crib,  and  that  was  the  reason  why  they  adopted  this  system 
of  pumping.  It  was  out  of  the  question  putting  down  heavy  qifedrants — 
heavy  cast-iron  pump-trees     because  the  ground  was  not  strong  enough 
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to  carry  the  weight.  The  pit  was  standing  oe  timber,  and  the  water 
coining  into  the  pit  through  the  layers  of  fissured  sandstone  with  the 
boulder  clay  between,  washed  it  in  like  mud  ;  and  it  was  actually  mud. 

Mi'.  Eargreaves  said  they  could  not  have  applied  the  old  pumps, 
hut  the  new  system  being  lighter  they  were  able  to  deal  with  that  large 
volume  of  water. 

Air.  WARD  said  another  advantage  of  this  pump  was  that  tiny  could 
lower  it  down  as  the  water  receded,  adding  other  pipes  at  the  top,  and 
by  that  means  effecting  a  Lrre;it  saving. 

Mr.  J.  E.  Chambers  said  what  lie  wanted  to  arrive  at  was  the  ad- 
vantage of  the  two  rams.  Was  the  advantage  in  the  pumps  or  in  the 
power  required  in  raising  the  water? 

Mr.  W.  Henry  CHAMBERS  said  it  was  owing  to  both  of  these  advan- 
tages. If  they  had  the  plunger  forcing  direct  to  the  top  they  would 
require  a  steam  cylinder  of  sufficient  area  to  overcome  the  pressure  of  the 
water  against  it.  Then,  when  it  reversed  and  was  taking  the  other 
stroke  the  cylinder,  full  of  steam,  was  doing  nothing. 

.Mr.  J.  E.  Chambers  said  at  each  stroke  of  the  engine  it  was  taking 
half  the  water  from  the  bottom  plunger.  If  they  had  it  the  same  size  as 
the  bottom  one,  it  would  deliver  an  equal  quantity  of  water. 

The  President  said  the  question  was  well  answered  in  Sir  William 
Armstrong's  paper  wherein  he  dealt  with  heavy  pressures  of  700  lbs.  per 
S'juare  inch,  where  they  could  see  the  difference  in  the  two  raises  more 
than  they  could  in  the  case  of  50  or  100  lbs.  to  the  inch. 

Mr.  W.  Henry  Chambers  said  they  had  a  22  inches  cylinder  having 
an  L8  inches  ram,  lifting  100  yards  with  80  lbs.  of  steam.  If  they  had 
not  had  the  top  rams  they  would  have  required  double  the  size  of  steam 
cylinder  to  force  it  up. 

Mr.  J.  E.  Chambers  said  they  could  have  had  the  cylinder  the  full 
size  of  the  top  rams. 

Mr.  W.  Hknky  CHAMBERS  said  in  that  case  they  would  have  had  one 
stroke  doing  nothing. 

The  President  said  he  knew  the  advantage  when  they  had  a  wet 
subsoil.  In  North  Wales,  at  the  Wot  Mostyu  sinking,  on  the  banks  of 
the  River  Dee,  they  could  not  have  done  anything  except  by  suspending 
pumps  in  the  shaft. 

Mr.  W.  Hoole  Chambers  moved,  and  Mr.  If.  B.  Nash  seconded,  a 
vote  of  thanks  to  the  President  for  his  conduct  in  the  chair,  which  was 
carried,  and  the  meeting  ended. 


TRANSACTIONS.  149 


MIDLAND    INSTITUTE    OF   MINING,    CIVIL,    AND 
MECHANICAL   ENGINEERS. 

GENERAL    MEETING, 
Held  at  the  Institute  Rooms,  Barnsley,  March  18th,  1893. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meetins:  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members,  having  been  previously 
nominated : — 

Members — 
Mr.  James  Nasmyth  Sidebottom,  Civil  and  Mining  Engineer,  Manchester. 
Mr.  Alexander  Reid,  Colliery  Manager,  Ffrwd  Collieries,  Wrexham. 


Mr.  E.  Brown  read  the  following  paper  on  "  Experiments  upon  two 
Gnibal  Fans  at  St.  John's  Colliery,  Normanton*' : — 
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EXPERIMENTS  UPON  TWO   GUIBAL    PANS  AT  ST.  JOHN'S 
COLLIERY,  NO  KM  AX  TON. 

BY  EDWARD  BROWN. 


Introduction. 

At  St.  John's  Colliery,  Normanton,  the  Stanley  Main  seam  at  a  depth 
of  110  yards,  and  the  Haigh  Moor  seam  at  282  yards,  were  worked  up  to 
1886.  Each  of  these  seams  were  separately  ventilated,  and  independently 
from  each  other, by  two  Guibal  fans, each 24-  feel  in  diameter  and  8  feet  wide. 

The  eastern  fan  was  built  in  1871,  and  is  driven  by  a  horizontal 
engine,  with  a  cylinder  10  inches  in  diameter  and  36  inches  stroke,  which 
is  fitted  with  an  ordinary  D-slide  valve  ;  there  is  no  shutter  to  this  fan. 

The  western  fan  was  built  in  1876,  and  is  driven  by  a  horizontal 
engine,  with  a  cylinder  2-1  inches  in  diameter  and  2-4  inches  stroke,  which 
is  also  fitted  with  an  ordinary  D-slide  valve.  This  fan  is  fitted  with  a 
Walker  anti-vibrating  shutter  or  outlet. 

In  1886  it  was  decided  to  sink  to  the  Silkstone  seam,  which  lies  at  a 
depth  of  192  yards  below  the  Haigh  Moor  and  a  total  depth  of  474  yards 
from  the  surface.  A  staple  pit  was  sunk,  14  feet  in  diameter,  from 
the  Haigh  Moor  to  the  Silkstone  seam.  A  wooden  brattice  was  put  in 
for  ventilation,  and  the  pit  was  fitted  up  with  wire-rope  guides  and  single- 
tub  cages,  worked  by  an  engine  with  a  pair  of  14  inches  cylinders 
driven  by  compressed  air  (the  engines  had  been  previously  used  for  the 
sinking).  This  arrangement  provided  means  for  opening  out  straight- 
work  places,  and  forming  main  roads  during  the  sinking  and  fitting  up 
of  the  future  winding-pit. 

It  was  afterwards  decided  to  sink  the  Haigh  M •  upcast  shaft,  which 

was  14  feet  in  diameter,  to  the  Silkstone  scam,  and  to  use  it  for  winding. 
In  order  to  avoid  the  serious  loss  of  air  inseparable  from  winding  out  of 
an  upcast  shaft  with  a  closed  top,  the  Stanley  Main  upcast  shaft,  which 
was  14  feet  in  diameter,  was  sunk  bo  the  Haigh  Moor,  and  the  entire 
ventilation  of  the  three  Beams  was  effected  l>y  this  shaft  and  the  western 
fan  alone.  The  Haigh  Moor  upcast  shafi  was  then  made  a  downcast 
shaft  and  fitted  U]>  for  winding,  and  the  staple  pit  became  the  upcast 
shaft  for  the  Silkstone  seam.  This  arrangement  placed  the  eastern  fan  out 
of  use,  but,  in  order  to  utilize  it  as  a  duplicate  fan,  a  drift  was  made  under 
the  pit-hill,  as  shown  in  Figs.  1,  2,  8,  and  I,  Plate  XXI 1.     The  drift  from 
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E  to  F  has  outward  battered  side-walls,  the  bottom  inverted  to  a  7  feet 
radius,  and  the  top  covered  by  5  inches  by  4^  inches  steel  girders,  of 
H -section,  boarded  on  the  lower  flanges  and  covered  with  cement  concrete 
(in  the  proportion  of  1  to  6)  slightly  rounded  on  the  top  (Fig.  2,  Plate 
XXII.).  The  drift  from  F  to  G  was  built  to  the  section  shown  in  Figs.  3 
and  4,  and  covered  in  the  same  manner,  and  was  ultimately  buried  with 
pit  dirt,  the  whole  being  quite  air-tight.  Doors  are  arranged  at  each  fan, 
so  that  either  may  be  run  singly,  or  both  fans  run  together,  as  desired. 

Experiments. 

After  the  connecting-drift  was  completed,  some  rough  experiments 
were  made  which  showed  that  the  same  volume  of  air  could  be  exhausted 
by  running  both  fans  together  at  a  much  lower  speed  than  was  required 
when  running  a  single  fan,  and  at  a  much  lower  expenditure  of  power. 

In  order  to  carry  out  these  experiments  systematically,  and  to  obviate 
as  far  as  possible  any  liability  to  error,  forms  were  ruled  and  fixed  on 
boards  whereon  the  various  observations  were  recorded. 

The  experiments  were  made  during  half  an  hour,  with  half  an  hour 
interval  between  each,  so  as  to  allow  of  the  conditions  becoming 
steady  after  the  change  in  the  speed  of  the  fan.  Three  diagrams  were 
taken  from  both  ends  of  each  engine,  for  each  speed  of  each  fan. 

Two  readings  were  taken  of  the  anemometer  (each  of  eight  minutes' 
duration)  for  each  fan  at  each  speed.  The  anemometer  was  held  for  half  a 
minute  in  each  of  the  sixteen  divisions  into  which  the  eastern  drift  (Fig.  3), 
and  western  drift  (Fig.  5,  Plate  XXII.)  were  divided.  The  average 
speed  of  the  air  per  minute  is  the  quotient  of  this  reading  divided  by  8, 
plus  the  constant  30  (the  result  of  tests  at  Kew  of  both  of  the  anemometers 
used  in  the  experiments). 

Tabular  forms  were  used  to  record  the  results  of  the  experiments, 
including  the  readings  of  the  water-gauge,  barometer,  thermometer, 
anemometer,  etc.,  and  were  placed  for  that  purpose  in  each  engine-house 
and  in  each  fan-drift. 

Before  any  experiments  were  made  it  was  agreed  to  take  trial  readings 
with  the  water-gauge  in  each  of  the  sixteen  divisions  into  which  the  drift 
was  divided  at  the  western  fan  (Fig.  5,  Plate  XXII.)  to  see  whether  it 
would  be  necessary  to  take  water-gauge  readings  in  each  of  these  divisions 
when  measuring  the  air.  A  small  funnel  was  fixed  to  the  end  of  an  india- 
rubber  tube  connected  to  a  water-gauge,  and  three  readings  were  taken  in 
each  division  : — (a)  with  the  funnel  at  right-angles  to  the  current  of  air, 
(b)  with  the  funnel  in  the  direction  of  the  current,  and  (c)  with  the 
funnel  facing  the  current.     Similar  observations  were  made  in  each  of 
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the  sixteen  divisions  of  the  drift  to  the  eastern  fan,  and  arc  recorded  in 
Tables  I.  and  II.  The  results,  with  the  funnels  held  in  the  positions 
a  and  b  are  practically  the  same, and  it  was  arranged  that  the  water-gauge 
reading  should  be  made  before  and  after  each  air-measurement,  with  the 
tube  at  right  angles  to  the  air  and  dost'  to  the  divisions,  in  each  of  which 
the  air  was  measured.  The  funnel  was  not  used,  but  the  pipe-end  was 
covered  with  two  thicknesses  of  flannel  cloth. 

It  will  be  noticed  that  the  reading  with  the  funnel  against  the  current 
at  the  eastern  fan  is  nearly  the  same  as  the  other  two  readings,  the 
difference  being  only  0*026  inch;  while  there  is  a  difference  of  0*086 
inch  at  the  western  fan.  This  difference  is  no  doubt  due  to  the  dissimilar 
areas  of  the  two  airways,  the  eastern  airway  Vicing  much  larger  in  area 
than  the  western  one,  and  consequently  there  was  a  much  lower  velocity 
of  the  air  to  the  eastern  fan. 

It  will  be  observed  from  Fig.  1,  Plate  XXII.,  that  the  entrance-doors 
to  the  fan-drifts  are  between  the  position  where  the  air  was  measured  and 
the  fans,  so  that  the  scale  through  these  doors  was  not  measured  and  the 
water-gauge  between  that  position  and  the  fans  was  not  credited  to  the  fans. 

In  calculating  the  indicated  horse-power,  the  three  diagrams  taken 
from  each  end  of  each  cylinder  were  measured,  and  the  average  pressure 
taken  for  each  particular  speed  of  each  engine.  A  Hopkinson  indicator 
was  used  for  the  eastern  engine,  with  a  spring  of  20  lbs.  per  inch  for 
Nos.  3  and  -i  experiments,  and  a  30  lbs.  spring  for  the  others.  A  Richards 
indicator  was  used  for  the  western  engine  with  a  spring  of  2-4  lbs.  per 
inch  during  all  the  experiments. 

After  the  results  were  tabulated  it  was  found  that  the  useful  effect, 
as  calculated  from  the  water-gauges  observed  in  the  drifts  where  the  air 
was  measured,  were  very  low.  It  was  decided  to  run  the  fans  at  as  nearly 
as  possible  the  same  speeds  as  when  the  experiments  were  made,  and  to 
take  readings  with  the  tube  of  the  water-gauges  placed  close  to  the  inlet 
of  the  fans.  The  useful  effects  calculated  from  these  water-gauge  read- 
ings are  shown  in  column  20  of  Table  111.  The  readings  were  taken  at 
seven  different  points  (Fig.  6,  Plate  XXII.),  and  the  results  are  recorded 
in  Table  IV.;  the  efficiencies  (column  20,  Table  III.)  were  calculated  from 
the  average  readings  of  the  water-gauge  in  the  several  positions.  It 
would  have  been  unfair  to  take  either  the  highest  or  the  lowest  readings, 

seeing  that  they  varied  as  much  as  L8*68  per  cent,  above  and  9*01  per  cent. 

below  the  mean,  or  a  total  variation  of  22*64  per  cent. 

The  author  wishes  particularly  to  point  out  how  easy  it  would  be  to  make 
results  vary  enormously,  depending  chiefly  upon  the  point  and  position  in 
which  the  air  may  be  measured  and  the  water-gauge  readings  taken. 
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Great  care  was  exercised  in  making  these  experiments  so  as  to  arrive 
at  as  a  correct  result  as  possible,  as  it  would  serve  no  good  purpose  to 
favour  either  the  fan  singly  or  the  two  when  running  together.  The 
fans  were  not  coupled  by  the  drift  with  a  view  to  economy,  but  as  a 
means  of  utilizing  the  eastern  fan  as  an  auxiliary  in  case  of  accident,  or 
in  case  of  repairs  being  required  by  the  western  fan.  It  was  found  by 
the  experiments  that  considerable  economy  was  obtained  by  running  both 
fans  together,  as  compared  with  the  use  of  a  single  fan  at  a  higher  speed. 

Table  V.  containing  the  results  of  further  water-gauge  experiments 
shows  very  clearly  the  variations  in  the  water-gauge  in  each  of  the  seven 
positions ;  Nos.  1  and  6  positions  giving  the  highest  readings  in  nearly 
every  case,  while  Nos.  3  and  4  give  the  lowest.  Two  readings  were 
made:  one  with  the  barometer  at  29*10  inches,  and  the  other  with  the 
barometer  at  30*22  inches.  The  water-gauge  was  also  taken  in  each 
engine-house  and  the  theoretical  water-gauge  is  obtained  by  calculation. 

Conclusions. 

On  referring  to  Table  III.,  it  seems  that  experiments  Nos.  1,  2,  and  3 
were  made  with  both  fans  running  together;  no  higher  speed  could  be 
tried  of  both  fans  together  ;  as  the  eastern  fan  had  the  throttle- valve  fully 
open  in  order  to  drive  its  fan  at  74*33  revolutions  per  minute  (the  boiler 
pressure  being  50  lbs.  per  square  inch).  Nos.  4«  and  ba  experiments 
were  made  on  the  eastern  fan  alone  at  64*66  and  69  revolutions  per 
minute  respectively,  the  throttle- valve  being  fully  open  at  the  higher  speed. 
Nos.  4&,  5b,  6,  7,  8,  and  9  experiments  were  made  upon  the  western 
fan  alone.  Column  14  shows  the  number  of  cubic  feet  of  air  produced 
per  horse-power.  At  the  first  glance  the  results  may  appear  to  be  in 
favour  of  running  one  fan  alone,  seeing  that  the  eastern  fan  running  alone 
at  <;4*<;6  revolutions  per  minute  produced  1,837  cubic  feet  per  horse-power, 
and  the  western  fan  alone  at  65*2  revolutions  per  minute  yielded  2,057 
cubic  feet  of  air  per  horse-power ;  while  both  fans  running  together 
only  exhausted  1,668  cubic  feet  per  horse-power.  It  will  be  noticed, 
however,  that  the  two  fans  running  together  discharged  131,985  cubic  feet 
of  air  per  minute,  while  each  fan  running  singly  at  approximately  the 
same  speed  is  only  discharging  106,564  and  110,896  cubic  feet  of  air  per 
minute  respectively. 

Probably  the  fairest  mode  of  comparison  will  be  to  take  the  horse- 
power required  to  produce  the  same  volume  of  air,  and  Table  III.  contains 
three  cases  where  approximately  the  same  quantity  was  obtained.  In 
experiment  No.  1,  both  fans  running  at  about  65  revolutions  per  minute 
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produced  181,985  cubic  feel  <>f  air  per  minute  with  70*10  horse-power,  or 
1,668  cubic  feet  of  air  per  horse-power.  In  experiment  No.  7.  the  western 
fan  alone  at  79*60  revolutions  per  minute  produced  181,067  cubic  feet  of 

air  with  91*35  horse-power,  or  1,485  cubic  feet  of  air  per  horse-power 
against  1,668  cubic  feet,  that  is,  14  percent,  less  than  when  running  both 
fans  together. 

In  No.  2  experiment,  both  fans  running  together  at  about  7<>  revolu- 
tions per  minute  produced  139,1  17  cubic  feet  of  air  with  93*83  horse- 
power, or  1,483  cubic  feet  per  horse-power.  In  No.  8  experiment,  the 
western  fan  alone  at  S:i-7i>  revolutions  per  minute  produced  139,289  cubic 
feet  of  air  with  105*90  horse-power,  or  1,315  cubic  feet  per  horse-power 
against  1,483  cubic  feet,  being  about  11*5  per  cent,  in  favour  of  running 
both  fans  together. 

In  No.  3  experiment,  both  fans  running  at  about  75  revolutions  per 
minute  produced  148,763  cubic  feet  of  air  with  113*09  horse-power,  or 
1,315  cubic  feet  of  air  per  horse-power.  In  No.  !t  experiment,  the  western 
fan  aloue  at  91*15  revolutions  per  minute  produced  147,367  cubic  feet  of 
air  with  133*8(»  horse-power,  or  1,101  cubic  feet  per  horse-power  against 
1,315  cubic  feet,  being  17  per  cent,  in  favour  of  running  both  fans 
together. 

Briefly,  the  two  fans  running  at  about  75  revolutions  per  minute 
produced  the  same  volume  of  air  as  the  single  fan  did  at  91  revolutions 
per  minute  with  a  lessened  expenditure  of  20*71  horse-power. 

It  would  be  very  interesting  to  know  what  would  be  the  result  if  a 
third  fan,  of  the  same  construction  as  the  two  now  in  use.  was  put  down 
and  exhausted  from  the  same  upcast  shaft. 

With  the  two  fans  running  together  the  manometric  efficiency  (Table 
III.,  column  17),  i.e.,  the  water-gauge  reading  in  the  drift  divided  by  the 
calculated  water-gauge  due  to  the  periphery  speed  of  the  fen,  averages  "56 
for  Nos.  l .  2,  and  8  experiments,  and  the  mechanical  efficiency  (column  19 ), 
/.*..  the  horse-power  in  the  air  (calculated  from  the  water-gauge  observed 
in  the  engine-house)  -*-  by  the  horse-power  of  the  engine  is  '•">:'>:  the 
mechanical  efficiency  (column  18),  i.i..  the  horse-power  in  the  air  (calcu- 
lated from  the  drift  water-gauge)  -"-  by  the  horse-power  of  the  engine, 
only  equals '46.  This  result  is  lower  by  10  and  7  per  cent,  respectively 
than  that  of  the  western  fan  running  alone.  The  results  contained  in 
columns  17  and  is  approximate  very  closely,  but  the  results  are  low: 
while  column  1!)  keeps  fairly  constant  and  gives  an  average  for  the  six 
experiments,  Nos,  I  *,  5a,  r,,  7.  8,  and  '.»,  of  \V.i,  which  may  be  considered 
a  fairly  satisfactory  result. 
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Appendices. 
Table  I. — Experiments  with  the  Wateb-gaug-e  on  the  Westebn  Fan. 


Position  of 
Water-gauge. 

With  the  Tube  and  Funnel 

At  Eight- 
angles  to  the 
Current. 

(a) 

In  the 
Direction  of 
the  Current. 

(b) 

Facing  the 
Current. 

(c) 

Number  of 
Divisions. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 

14 
15 
16 

1-700 
1-650 
1-625 
1-650 
1-700 
1-600 
1-625 
1-6C0 
1-600 
1-650 
1-650 
1-625 
1-600 
1-600 
1-625 
1-650 

1-700 
1  -650 
1-650 
1-675 
1-675 
1-650 
1-650 
1-625 
1-625 
1-650 
1-650 
1-625 
1-625 
1-625 
1-625 
1-650 

1-680 
1-625 
1-600 
1-600 
1-600 
1-550 
1-550 
1-500 
1-500 
1-500 
1-550 

1  -.-.oo 

1-550 
1-550 
1-525 
1-600 

1-561 

Averages  ... 

1-634 

1-647 

Table  II. — Expeeiments  with  the  Water-oauge  on  the  Eastern  Fan. 


Position  of 
Water-gauge. 

With  the  Tube  and  Funnel 

At  Eight- 
angles  to  the 
Current. 

(«) 

In  the 
Direction  of 
the  Current. 

(t) 

Facing  the 
Current. 

(c) 

Number  of 
Divisions. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1-50 
1-55 
1-55 
1-55 
1-60 
1-60 
1-55 
1-55 
1-55 
1-55 
1-55 
1-60 
1-55 
1-60 
1-60 
1-60 

1-55 
1-55 
1-55 
1-55 
1-55 
1-60 
1-55 
1-55 
1-55 
1-55 
1-60 
1-55 
1-60 
1-60 
1-60 
1-60 

1-55 
1-55 

1-50 
1-55 
1'55 
1  •.-..-» 
1-55 
1-50 
1-50 
1-50 
1-55 
1-55 
1-55 
1-55 
1-60 
1-60 

1-543 

Averages  ... 

1-565 

1-569 
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The  President  said  that  before  discussing  the  paper  it  would  be 
their  pleasure  to  pass  a  vote  of  thanks  to  Mr.  Brown  for  the  great  trouble 
he  had  taken  in  preparing  the  paper,  and  the  interesting  matter  embraced 
in  it.  The  paper  came  at  an  opportune  time,  as  the  Institute  had 
appointed  a  committee  to  make  investigations  respecting  fans,  and  the 
information  given  by  Mr.  Brown  would  form  a  valuable  addition 
to  that  obtained  from  other  sources.  He  had  great  pleasure  in  proposing 
a  vote  of  thanks  to  Mr.  Brown  for  his  valuable  and  interesting  paper. 

Mr.  J.  Nevin  said,  in  seconding  the  motion,  that  it  was  not  often 
they  had  the  opportunity  of  comparing  two  fans  in  a  situation  where  one 
or  both  could  be  used  on  the  same  shaft. 

The  motion  was  carried  unanimously. 

The  President  said  the  experiments  proved  that  the  best  results  were 
obtained  from  both  fans  working  together,  and  asked  Mr.  Brown  if  he 
had  taken  into  account  the  natural  ventilation  due  to  the  temperature  of 
the  shafts  ? 

Mr.  Brown  replied  that  no  corrections  had  been  made. 

The  Presides  t  asked  if  there  were  any  steam-pipes  in  the 
shafts  ? 

Mr.  Brown  replied  that  there  was  one  steam-pipe  in  the  downcast  shaft. 

The  President  said  that  the  fans  would  give  better  results  if 
the  steam-pipe  had  been  in  the  upcast  instead  of  in  the  downcast  shaft. 

Mr.  Brown  agreed  with  the  President's  remark. 

The  President  said  the  fan  appeared  to  give  a  better  result  when 
running  at  a  low  speed,  indicating  79  horse-power,  than  when  indicating 
106  horse-power. 

Mr.  Brown  replied  that  the  quantity  of  air  did  not  increase  with 
the  number  of  revolutions  of  the  fans. 

Mr.  A.  B.  Southall  said  the  resistances  to  the  ventilation  would  be 
the  same  whether  one  or  two  fans  were  working,  so  that  Mr.  Brown's 
paper  showed  the  advantage  of  using  two  fans,  and  not  the  difficulties 
to  be  overcome  in  circulating  that  quantity  of  air. 

Mr.  J.  Longbotham  said  that  the  Framwellgate  colliery,  in  the  county 
of  Durham,  was  ventilated,  at  one  time,  by  means  of  a  furnace.  A 
Guibal  fan  30  feet  in  diameter  was  subsequently  erected  in  place  of 
the  furnace.  When  the  workings  were  getting  a  long  distance  in-bye, 
it  was  suggested  that  it  might  be  desirable  to  use  the  furnace  to  assist 
the  fan.  The  furnace  was  lighted,  with  the  result  that  the  volume  of  air 
going  into  the  workings  diminished,  although  the  quantity  of  air  going 
through  the  fan  was  increased. 
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The  President  said  that  effect  was  perhaps  owing  to  rarefaction,  and 
the  fan  oould  not  pass  the  same  quantity. 

.Mr.  Southall  asked  if  the  fans  e?diausted  air  from  the  same  upcast 
shaft  ? 

Mr.  Brown — Yes. 

Mr.  Southall  enquired  whether,  in  the  experiments  with  the  single 

fans,  both  fans  exhausted  from  the  same  shaft? 

Mr.  BROWN  answered,  Yes,  but  the  other  fan  was  standing  ;  when 
trying  one  fan  they  shut  the  door  and  stopped  the  other  fan.  The 
anemometer  was  held  for  30  seconds  in  each  division  of  the  airway  at 
the  place  of  measurement.  Sometimes  the  air  seemed  to  have  a  preference 
for  one  fan  rather  than  the  other,  and  there  was  from  7,000  to  10,000 
cubic  feet  per  minute  difference  in  the  results  of  some  of  the  experiments 
with  each  fan  approximately  at  the  same  speed. 

The  President  said  they  got  a  general  idea  by  a  discussion  like  this 
which  helped  them  in  reading  the  paper  at  home.  They  could  not  now 
discuss  the  paper  with  justice  to  Mr.  Brown  and  the  trouble  he  had  had 
in  preparing  statistics,  but  this  difference  of  22  per  cent,  in  the  water- 
gauge,  taken  in  one  position  and  another,  was  surprising  to  him. 

Mr.  T.  W.  H.  Mitchell  said  he  was  lucky  enough  to  be  appointed 
engineer  to  the  committee  to  make  experiments  for  the  Institute.  The 
instructions  they  had  were  to  turn  the  tube  towards  the  fan,  and  to  put 
a  flannel  over  it,  but  not  at  right  angles  as  he  understood  Mr.  Brown 
had  done. 

Mr.  Brown  said  the  result  would  depend  on  the  speed  of  the  air  in 
the  drift.  With  the  western  fan  there  was  a  difference  of  0*08  inch  in  the 
water-gauge  readings,  and  in  the  eastern  fan  it  was  practically  the  same, 
because  the  airway  was  so  much  larger.  The  tube  was  placed  across  the 
drift  because  one  airway  was  smaller  than  the  other. 

The  PRESIDENT  said  it  was  a  fact  that  a  small  fan  at  a  high  periphery 
speed  gave  a  greater  water-gauge  than  a  large  fan  at  the  same  speed.  In 
years  to  come  it  would  not  lie  a  question  merely  of  Inning  the  power 
necessary  to  drive  the  fans,  but  also  of  dealing  with  the  temperature. 
They  would  have  to  pass  a  larger  volume  of  air.  For  instance,  at 
Ashton  Moss  tiny  weiv  dealing  with  a  temperature  of  84  to  87 
degs.  Fahr. 

Ml'.  LONOBOTIIAM  moved  that   the  discussion  he  adjourned. 

Mr.  Thirkell  seconded  the  motion,  which  was  agreed  to. 


£ 


TRANSACTIONS.  lf>l 


CHESTERFIELD  AND  MIDLAND  COUNTIES  INSTITUTION 
OF  ENGINEERS,  AND  MIDLAND  INSTITUTE  OF  MIN- 
ING, CIVIL,  AND  MECHANICAL  ENGINEERS. 


JOINT     MEETING, 
Held  at  the  Royal  Victoria  Hotel,  Sheffield,  April  8th,  1893. 


Mr.  W.  E.  GARFORTH  in  the  Chair. 


The  Chairman  said  the  principal  object  of  the  joint  meeting  was 
to  visit  collieries  in  the  district,  but  it  was  also  satisfactory  to  meet 
together  and  discuss  certain  matters  which  were  brought  before  them. 
The  members  of  the  Institutes  must  be  pleased  to  see  year  after  year  these 
meetings  increase  in  number  and  importance.  They  were  told  at  Derby 
a  few  weeks  ago  that  the  Federated  Institution  of  Mining  Engineers  was 
growing,  and  they  might  look  forward  to  the  time  when  they  should  be 
worthy  of  a  Royal  Charter.  He  thought  it  was  most  essential  that  the 
Transactions  should  be  good,  and  that  all  matters  connected  with  mining 
should  be  brought  before  them  from  the  various  mining  districts  through 
the  Federated  Institution  of  Mining  Engineers.  They  encountered  the 
difficulties  connected  with  increased  depths,  and  when  they  remembered 
that  coal  had  been  already  worked  at  a  depth  of  1,000  yards,  and  that  in 
the  future  it  would  be  worked  at  much  greater  depths,  he  thought  they 
ought  to  take  advantage  of  every  opportunity  of  obtaining  scientific 
information.  This  could  be  advantageously  effected  by  each  district 
recording  its  facts  which,  though  perhaps  little  in  themselves,  would,  when 
added  together,  greatly  assist  in  the  education  of  mining  engineers.  This 
was  the  third  occasion  of  a  meeting  at  Sheffield,  and  he  trusted  that 
similar  reunions  would  continue  to  be  held  annually  of  the  members  of 
the  neisrhbourinu'  institutes. 


Mr.  W.  Hoole  Chambers  read  the  following  paper  on  the  "Arrange- 
ments for  Sinking  to  the  Whinmoor  Seam  from  the  Silkstone  Seam  at  the 
Tankersley  Collieries  "  : — 

N 
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ARRANGEMENTS  FOR  SINKING  TO  THE  WHINMOOR  SEAM 
FROM  THE  SILKSTONE  SEAM   AT  THE   TANKERSLEY 

COLLIERIES. 

By  W.  HOOLK  CHAMBERS. 


On  the  approaching  exhaustion  and  diminution  of  the  output  from 
the  seams  which  have  been  worked  at  the  Tankersley  collieries  for  about 
thirty  years,  it  was  decided  to  utilize  the  existing  plain  for  working 
the  Whinmoor  seam.  Il  was  accordingly  determined  to  sink  the  No.  1 
shaft,  which  had  already  won  the  Silkstone  scam  at  a  depth  of  519  feet, 
down  to  the  seam  below,  a  further  depth  of  about  180  feet.  In  order  to 
do  this  successfully,  it  was  accessary  to  provide  that  during  the  drawing 
of  coal  from  the  Silkstone  seam  in  the  day-shift,  the  slial't  ai  the 
Silkstone  bottom  was  properly  and  effectually  covered  over.  Further,  it 
was  desirable  that  whatever  was  used  for  this  object,  was  not  only 
substantial  and  strong,  for  the  cage  lighting  upon  it,  but  also  thai  il  could 
be  rapidly  and  expeditiously  removed  and  allow  of  the  sinking  operations 
being  commenced  immediately  after  coal-drawing  was  done  and  the  men 
of  the  first  shift  in  the  Silkstone  seam  were  out  of  the  pit. 

The  No.  1  shaft  is  12  feet  in  diameter.  The  conductors  are  of  wood, 
4  inches  wide  by  4|  inches  deep,  fitted  at  each  end  of  the  cage  :  these 
cease  at  the  top  and  bottom  of  the  shaft,  and  in  their  place  four  offtakes 
or  guides  are  placed,  one  at  each  corner  of  the  cage,  to  enable  the  full  ami 
empty  tubs  to  enter  and  leave  the  cage  at  the  end.  The  full  corves  arc 
put  on  at  the  basset  side  of  the  shaft  A  (Fig  1,  Plate  XL).  In  order  to 
provide  a  lorry  for  covering  the  shaft  during  sinking  operations,  two 
beams,  1  2  inches  square,  were  placed  at  the  top  and  low  side  of  the  pit  and 

let  into  the  brickwork  at  either  side.  Above  these  were  inserte  1  the  beams 
for  the  lony  to  run  on,  18  feet  long  and  8  inches  square,  projecting  on 

the  low  or  dip  side  of  the  pit,  the  ground  he  inn'  taken  out  for  the  purpose. 
This  excavation  was  made  opposite  the  oorth-side  cage,  and  measured 
8  feet  7  inches  by  6  feet  by  2  feci  r,  inches.  These  beams  arc  {'■'■  feet 
apart  ;  the  rails  for  the  lorry  arc  fixed  upon  them.  The  rail-gauge  is 
:,  feet  2.J  inches.  The  lorry  is  of  ordinary  construction,  and  its  top  is 
covered  with  metal  flags,  and  is  of  such  a  height  that  when  run  back  from 

the  shal'i  ii  is  exactly  level  with  the  regular  pit-bottom  flags,  consequently 
it  answers  for  and  occupies  the  posit  ion  of  the  ordinary  i\-.\\i>  for  the  empty 
corves  from  the  north-side  cage  to  pa<s  over  when  drawing  coal.     When 
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the  lorry  is  drawn  back  from  the  shaft  it  is  kept  in  position  by  the  beam 
E,  and  also  by  a  catch,  so  that  it  is  impossible  for  it  to  move  forward. 

Fig.  2,  Plate  XI.,  shows  a  section  taken  across  the  centre  of  the 
shaft  looking  east  towards  the  dip  side,  when  the  lorry  is  run  back  from 
the  shaft  and  the  shaft  ready  for  drawing  coal.  E  is  the  timber  at  the 
eastern  or  low  side  of  the  pit  upon  which  the  other  removable  timbers  rest. 
Tt  is  notched  to  receive  the  rails,  and  also  slightly  notched  to  go  a  little 
below  the  main  timbers  in  the  centre.  It  is  carried  when  in  position  by 
the  timbers  F  F.  BB  are  the  timbers  on  which  the  cage  rests  when  at 
the  bottom  of  the  pit ;  they  are  fitted  with  spikes,  firmly  fastened  to 
them  with  a  collar  underneath  and  a  nut  at  the  top,  at  each  end  to  fit 
into  the  timbers  below  them,  and  serve  to  keep  the  timber  E  from 
moving  out  of  its  place.  Those  at  the  basset  side  are  firm  and  immovable. 
When  the  cage  is  at  rest  on  these  timbers,  its  bottom  is  level  with  the  top 
of  the  lorry.  The  timbers  to  be  removed  in  order  to  commence  sinking 
are  A,  B,  C,  D,  and  E,  the  others  remaining  fixed. 

In  order  to  allow  for  the  passage  of  the  lorry  it  was  necessary  to 
provide  for  the  removal  of  three  of  the  offtakes,  or  substituted  guides  at 
the  eastern  or  dip  side  of  the  pit.  For  the  purpose  of  keeping  the  top-ring 
of  the  cage  in  the  offtakes,  joints  G  were  inserted  (Fig.  2),  the  bolts  of 
these  joints  being  taken  out  when  needful.  The  bottom  of  these  loose 
removable  pieces  were  in  each  case  let  into  iron  sockets,  so  as  to  render 
them  perfectly  firm  when  drawing  the  coal.  Fig.  3,  Plate  XL,  is  a  plan 
of  the  shaft-bottom  at  the  Silkstone  seam  when  covered  over. 

In  order  to  avoid  any  strain  whatever  on  the  cage  by  the  weight  of 
any  material  drawn  from  the  sinking-shaft  a  large  shackle  (Figs.  4  and  5, 
Plate  XI.)  was  inserted  in  the  large  ring  which  carries  the  two  centre 
chains  of  the  cage  and  between  them.  Two  large  links  of  1^  inches  iron 
(4  inches  inside)  made  the  connexion  with  two  chains  of  §  inch  iron, 
which  pass  down  through  the  bonnet  of  the  cage  on  each  side  of  the 
central  hoop  of  the  bonnet,  and  remain  permanently  fixed  on  the  cage. 
A  hole  large  enough  to  admit  the  end  of  the  sinking-rope  is  made  in  the 
bottom  of  the  cage.  When  the  sinking-rope  is  required,  it  is  brought  up 
and  passed  through  the  bottom  of  the  cage,  a  large  shackle  of  1^  inches 
to  l£  inches  iron  is  inserted  through  the  two  chains,  the  pin  (of  \\  inches 
iron)  is  passed  through  the  cappled-end  of  the  rope,  the  cotter  inserted, 
and  the  attachment  is  complete.  The  travelling  road  to  the  dip  portion 
of  the  workings  goes  down  immediately  opposite  the  shaft,  and  during  the 
day-shift  the  rope  is  left  hung  on  supports  fixed  in  it  for  the  purpose. 

The  ordinary  ball-signal  was  used  when  drawing  coal,  and  an  electric 
signal  was  alone  adopted  when  sinking. 
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When  commencing  to  prepare  for  sinking,  after  the  electric  signal 
was  tested,  the  nnnli-M.!.-  cage  was  raised  about  3  feel  from  the  bottom. 
The  rope  was  thru  broughl  by  band  and  attached  through  the  hot  torn  of 
the  cage  to  the  chains.  The  rope  was  then  drawn  np  by  the  engine  until 
the  whole  70  yards  was  hung  in  the  shaft.  The  timbers  and  boards  were 
then  lifted  by  the  engine  and  swung  into  the  top-side  porch  in  the 
following  order: — 0,  B,  B,  A.  I>.  and  E. 

While  this  was  being  done,  other  men  had  taken  out  the  offtakes 
from  the  sockets  into  which  they  tit.  The  trunk,  which  was  standing  in 
one  of  the  side-porches,  was  brought  on  to  the  Lorry  and  run  over  the  pit 
and  attached  to  the  rope. 

The  usual  time  occupied  by  these  operations  was  six  and  a  half 
minutes.  As  the  rope  under  the  cage  had  not-  been  in  use  during  tin-  day- 
shift,  it  was  necessarily  tested  in  the  usual  way.  This  and  the  needful 
change  to  an  empty  trunk  occupied  a  further  time  of  four  minutes. 
Everything  was  ready  in  ten  ami  a  half  minutes  for  the  examination  of  the 
shaft   being  made,  prior  to  the  descent  of  the  sinkers  to  their  work. 

The  trunks  were  constructed  to  hold  one  corf  of  the  material  from  the 
sinking— they  were  swivel-trunks,  tipping  over  on  their  centre,  and  when 
in  use  an  empty  corf  was  placed  on  the  lorry  which  was  run  over  the 
shaft,  and  the  trunk  tipped  into  it.  These  corves  were  stored  along  the 
shaft-levels  and  either  drawn  out  amongst  the  coals  in  the  day-shift,  or 
taken  down  into  the  workings  and  the  stone  used  for  packing. 

The  lorry  was  constructed  so  as  to  cover  the  whole  portion  of  the 
shaft  occupied  by  the  timbers  removed,  and  there  was  no  possibility  of 
any  dirt,  which  might  accidentally  run  over  the  sides  of  the  corf  placed 
for  its  reception,  falling  down  upon  the  sinkers.  As  the  lorry  completely 
covered  the  space  occupied  by  the  timbers,  it  was  unnecessary  to  replace 
tin'  timbers  when  changing  the  men  of  the  second  and  third  shifts 
between  9*30  and  L0  p.m.  Tie-  only  operation  necessary,  after  the 
sinkers  had  ascended  to  the  Silkstone  .-earn,  was  to  remove  the  rope,  and 

the  lorry,  being  pushed  over  the  pit.  acted  as  a  floor  for  the  north-side 
chair  to  rest  dpon;  although  Bomewha*  higher  than  the  other  cage  it  was 
perfectly  safe. 

Figs.  6,  7,  and  8  show  the  hopper,  which  was  arranged  below  the 
Silkstone  -cam  to  prevent  the  trunk  from  catching  the  beams  V  V  when 
drawing  material.  Pig.  6  is  a  plan  of  the  shaft  at  the  bottom  of  the 
hopper,  which  was  6  feet  I  inches  by  7  feet  LO  inches  at  the  bottom  and 
4  feet  9  inches  by  5  feet  8  inches  at  the  top.  The  timbers  across  the 
ahaft  at  this  point  are  7  inches  by  3  Inches,  and  £  inch  hoards  are  used 
for  the  sides  of  the  hopper. 
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By  the  means  detailed,  the  change  from  drawing  coal  to  descending 
the  sinking-pit  was  made  in  about  ten  and  a  half  minutes,  and  the 
sinkers  were  at  work  in  the  bottom  in  a  quarter  of  an  hour.  When  it 
was  necessary  to  send  anyone  out  from  the  Silkstone  seam  on  account  of 
an  accident,  or  when  the  time  for  changing  shifts  arrived,  it  only  involved 
the  removal  of  the  rope  for  about  five  minutes.  The  importance  of  these 
speedy  arrangements  will  be  recognized,  as  the  sinking  operations  could 
only  be  pursued  from  4  p.m.  until  G  a.m.,  and  a  portion  of  this  time  was 
wasted  in  changing  shifts  (of  from  (30  to  70  men)  at  about  10  p.m. 


Mr.  George  Lewis  asked  how  long  it  took  to  sink  to  the  depth  of 
100  yards,  and  whether  any  water  had  been  met  during  the  sinking  ? 

Mr.  W.  Hoole  Chambers  said  a  little  water  came  in  from  the  low- 
level  close  to  the  sinking,  but  means  were  taken  to  prevent  it  going  down 
the  pit.  From  the  first  crib  to  the  Silkstone  bottom,  the  walling  was 
cemented,  and  it  was  sufficient  to  prevent  any  water  following  down  the 
pit.  The  depth  was  60  yards,  which  was  sunk  at  the  rate  of  about  5 
yards  per  week  ;  during  several  weeks  they  sank  5  yards,  and  sometimes 
4  yards.  In  making  alterations,  such  as  he  had  described  in  his  paper, 
they  had  the  difficulty  of  changing  the  men  in  the  various  shifts  and  to 
get  ready  for  the  examination  of  the  ropes  in  the  morning,  so  the  time  left 
for  sinking  was  short. 

Mr.  Henry  Lewis  said  none  of  the  plans  showed  how  the  sinking  pit 
was  ventilated. 

Mr.  W.  Hoole  Chambers — No. 

Mr.  A.  H.  Stokes  proposed  a  vote  of  thanks  to  Mr.  Chambers  for  his 
paper. 

Mr.  Henry  Lewis  seconded  the  vote  of  thanks,  which  was  carried 
unanimously. 


Mr.  T.  W.  H.  Mitchell  read  the  following  paper,  contributed  by  Mr. 
Wm.  Foulstone,  of  Barnsley,  on  "A  Combined  Centre-line  Apparatus"  : — 


1GG  A   COMBINED   CENTRE-LIXF,    APPARATUS. 


A  COMBINED  CENTRE-LINE  APPARATUS. 


By  WILLIAM   FOULSTONE. 


During  many  years'  experience  in  the  sinking  of  pits,  the  writer  found 
thai  difficulties  and  delays  occurred  in  fixing  the  centre-lines  of  shafts  in 
the  ordinary  manner,  and  with  the  object  of  obviating  such  occurrences  he 
has  constructed  an  apparatus  which  can  be  used  for  accurately  putting  on 

and  preserving  the  centre-line  in  sinking  deep  shafts.  His  object  is 
to  use  an  accurate  and  permanent  apparatus,  whereby  the  accuracy  of  the 
centre-line  can  be  tested  as  often  as  required  without  much  Labour  and 
with  little  waste  of  time,  and  at  the  same  time  causing  very  little  delay 
and  inconvenience  to  the  workmen  employed  in  the  shaft. 

The  apparatus  (  Figs.  1.  :.',  3,  and  I,  Plate  XI  I.)  consists  of  a  wrought- 
iron  beam  «,  lifted  at  the  end  hanging  over  the  sinking-shaft,  with  a 
pulley  b,  over  which  the  centre-line  c  is  passed.  There  is  a  rack  d  on 
the  top  of  this  beam  by  which  it  can  he  moved  backwards  and  forwards 
between  the  two  fixed  girders  e,  e,  which  are  supported  over  the  pit-top 
by  wooden  beams  /  and  g.  The  drum  and  gearing  are  fixed  on  the 
girders  e,  e.  By  this  arrangement  of  the  beam  a,  and  of  the  drum  and 
gearing,  the  centre-line  can  he  moved  up  and  down  the  shaft,  either  at 
the  centre  t>,  or  at  the  sides  of  the  shall  //.  When  the  use  of  the  centre- 
line is  finished,  the  line  with  the  weight  is  hoisted  a  few  yards  up  the  pit, 
the  beam  n,  is  drawn  hack,  and  the  centre-line  is  left  hanging  near  one 
side  of  the  pit  //. 

The  advantages  claimed  for  this  apparatus  over  the  old  methods  are  : — 
(1)  there  is  a  considerable  saving  of  t  ime  in  putting  on  and  taking  oil'  the 
centre-line;  (2)  it  i>  a  permanent  fixture,  and  more  reliable  and  safer 
thin  louse  tackle,  which,  under  the  old  method,  had  to  lie  fixed  daily  or 
nightly  by  the  banksman  over  the  pit-top  when  the  men  were  working  in 
the  bottom. 

When  the  winding-rope  runs  out  of  the  centre  of  the  shall  (this  LS 
frequently  done,  so  as  to  provide  for  fixing  pumps  down  one  side)  the 
■••  mre-line  can  lie  lowered  from  ils  position  (ahotif  30  yards  from  the  pit- 
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bottom)  to  the  bottom,  and  then  pushed  forward  from  the  side  to  the 
centre  of  the  shaft,  while  the  workmen  are  filling  the  hoppet  or  trunk. 
Under  the  old  system,  the  centre-line  spins  for  some  time  after  the  heavy 
weight  is  put  on  to  straighten  and  steady  it  before  use,  and  it  has  to  be 
wound  to  the  surface  after  use  and  the  wooden  bar  and  pulley  removed. 
With  the  new  apparatus,  the  centre-line  is  always  hanging  in  the  shaft 
with  the  weight  on  it,  about  30  yards  from  the  bottom,  and  spinning  is 
entirely  avoided. 

When  the  winding-rope  runs  in  the  centre  of  the  shaft,  the  centre-line 
can  be  lowered  to  the  bottom,  ready  to  be  pushed  forward  to  the  centre  of 
the  pit  as  soon  as  the  hoppet  or  trunk  is  raised  above  the  surface  to  empty 
the  debris,  and,  while  this  is  being  done,  one  man  can  push  the  line  to  the 
centre  of  the  shaft  and  place  it  in  the  required  position  in  a  few  seconds. 

If  this  apparatus  be  placed  in  line  with  the  centre  of  the  winding- 
engine  drum  and  the  centre  of  the  shaft,  it  will  be  found  of  great  service 
in  setting-out  porches  or  arches  in  line  with  the  surface-line  with  one 
centre-line.  The  centre  of  the  pit  is  marked  with  the  line,  and  another 
mark  made  when  the  line  is  drawn  back  to  the  side  of  the  shaft ;  a  line 
drawn  through  these  points,  projected  will  be  the  centre-line  of  the 
porches  or  arches.  The  sump-frames  can  also  be  set  out  in  the  same 
manner. 

When  sinking  and  when  large  quantities  of  water  have  to  be  laded  for 
a  short  time  to  save  putting  in  pumps,  the  use  of  the  centre-line  is  very 
often  neglected  on  account  of  the  time  wasted  by  the  old  method.  Where 
the  water  accumulates  quickly  in  the  shaft-bottom,  it  often  takes  two  or 
three  hours  to  lade  the  water  out  again,  and  if  the  use  of  the  line  be 
neglected,  it  is  usual  in  such  cases  to  sink  the  shaft  of  larger  diameter, 
so  as  to  ensure  its  being  of  the  required  size.  All  this  extra  space  must 
be  filled  with  brickwork  or  debris  (when  the  pit  is  walled)  from  the 
surface  at  extra  expense.  In  such  cases  with  the  combined  centre-line 
apparatus,  the  line  can  be  placed  in  so  short  a  time  that  it  will  be 
frequently  used  ;  the  chargeman  of  each  shift  can  ascertain  for  himself 
the  state  of  the  shaft  in  a  few  minutes  before  commencing  work,  and  save 
all  unnecessary  labour  ;  and  the  cost  of  the  apparatus  will  probably  be 
saved  in  a  few  months.  The  centre-line  can  be  put  on  with  this  apparatus 
as  quickly  at  a  depth  of  700  yards  as  at  50  yards  ;  and  the  apparatus 
will  be  found  most  advantageous  in  the  case  of  the  deeper  shafts. 
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Mr.  Henry  Lewis  asked  the  cost  of  the  apparatus?  In  his  experi- 
ence of  sinkings,  which  had  been  considerable,  the  centre-line  was  only 
used  when  putting  in  curbs  at  intervals  of  three  or  four  weeks.  The 
centre-line  was  used  for  every  curb,  but  the  Bide-line  was  considered  to 
be  a  sufficient  guide  for  the  excavation  of  the  shaft-.  Unless  the  arrange- 
ment was  very  cheap,  he  did  not  think  there  would  be  much  saved  by 
having  that  centre-line  constantly  hanging  in  the  shaft. 

Mi\  Foulstone  said  the  apparatus  cost  about  686,  and  after  twenty-five 
years'  practical  experience  he  found  its  use  to  be  most  advantageous.  Pits 
were  sunk  by  side-lines  from  curbs,  but  the  curbs  were  not  always  placed 
true.  It  was  the  rule  to  put  in  curbs  from  the  centre-line,  and  to  sink 
between  them  by  side-lines,  but  he  had  known  curbs  ;;  inch  out  of  a  circle. 
If  they  trusted  to  curbs  they  might  not  always  get  an  accurately  circular 
shaft.     There  was  no  better  system  than  working  to  one  true  centre-line. 

Mr.  Henry  Lewis  remarked  thai  no  curb  should  be  set  with  a  side- 
line. 

.Mr.  FOULSTONE  said  that  every  time  a  shol  was  tired  sonic  of  the  side- 
lines could  be  cut.  The  centre-line  was  the  best  method  for  use  in  sinking. 
With  side-lines  too  much  might  be  taken  oil'  the  side.  There  were  many 
pits  which  were  not  plumb  from  top  to  bottom. 

.Mr.  Hknry  LEWIS  said  there  was  always  a  tendency  to  take  more 
ground  out  than  was  necessary. 

Prof.  ARNOLD  Litton  asked  how  long  it  took  to  steady  the  centre-line 
when  70i  I  yards  Ion-  ? 

Mr.  POULSTONE  said  it  would  take  ten  minutes  to  steady  the  line  to  a 
depth  of  7(H)  yards  with  his  apparatus:  whereas  he  had  known  pits  sunk 
with  the  old  system  where  it  had  taken  more  than  an  hour  to  steady  the 
line.  With  his  apparatus  the  weight  was  always  on  the  line  some  20 
yards  above  where  the  men  were  working,  and  when  it  was  lowered  to 
the  bottom  there  was  no  heavy  swag  upon  it.  ami  it  became  steady 
directly. 

Mr.  Henry  Lewis  asked  what  the  centre-line  was  made  of? 

Mr.  FOULSTONB  said  it  was  made  of  line  steel  wire,  and  was  drawn  up 
about  :!<>  yards  from  the  pit-bottom  out  of  the  way  of  slims. 

Mr.  T.  A.  Southebn  asked  Mi'.  Poulstone  whether  he  had  found 
where,  owing  to  the  current  of  air  ventilating  the  shall  or  owing  to  water 
dropping,  it  had  taken  more  than  an  hour  to  gel  the  ordinary  centre-line 
steady  in  a  deep  shaft  ? 

Mr.  Foi  lstone  said  the  best  way  in  centre  the  line  was  t<>  >t"|>  the 
ventilation,  either  by  stopping  the  Ian  or  by  putting  in  a  shuttle  without 
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stopping  the  fan.  The  latter  method  was  the  best,  because  there  was  no 
fear  of  the  fan-engine  becoming  choked  with  water. 

Mr.  I.  W.  H.  White  said  the  apparatus  was  in  use  at  Lord  Masham's 
sinking,  which  will  be  sunk  to  a  depth  of  about  600  yards,  and  it 
enabled  the  shaft  to  be  centred  accurately  and  quickly  without  the  risk 
to  human  life  which  must  occur  when  timbers,  etc.,  had  to  be  fixed 
temporarily  every  time  the  line  was  used.  He  felt  sure  that  the  cost  of 
the  apparatus  was  covered  before  the  sinking  reached  a  depth  of  100 
yards,  and  he  would  certainly  adopt  it  in  similar  sinkings.  The  Foulstone 
apparatus  was  a  cheap,  ingenious,  and  neat  arrangement,  and  when  seen 
in  use  would  be  appreciated. 

Mr.  Henry  Lewis  proposed  a  vote  of  thanks  to  Mr.  Foulstone  for  his 
paper. 

Mr.  W.  Wilde  seconded  the  proposition. 

The  Chairman  agreed  as  to  the  utility  of  using  a  centre-line, 
especially  in  sinking  through  quicksands  when  side-lines  could  not  be 
used.  What  objection  could  there  be  to  the  use  of  a  piece  of  wood  shaped 
in  the  middle  and  shod  at  the  bottom  with  a  piece  of  iron,  so  that  when 
the  wire  was  passed  under  the  centre-pin  they  found  the  centre  at  once  ? 
There  was  danger  in  placing  timber  across  the  pit.  Was  there  no  danger 
of  injuring  the  sinkers  with  this  apparatus  ?  There  should  be  an  arrange- 
ment by  which  the  trolly  could  not  get  out  of  the  groove. 

The  resolution  was  agreed  to  unanimously. 


DISCUSSION  ON  PROF.  F.  CLOWES'  PAPER  ON  "A  PORTABLE 
SAFETY-LAMP  WITH  ORDINARY  OIL  ILLUMINATING 
FLAME,  AND  STANDARD  HYDROGEN-FLAME  FOR 
ACCURATE  AND  DELICATE  GAS-TESTING"*. 

The  Chairman  said  that  at  the  Derby  meeting,  Prof.  Clowes  described 
a  method  of  detecting  small  percentages  of  fire-damp.  The  lamp  had  been 
tried  at  a  colliery  with  which  he  was  connected,  and  he  found  in  a  return 
passing  145,000  cubic  feet  of  air  per  minute  a  cap  \  inch  in  length 
indicating  rather  less  than  \  per  cent,  of  gas.  In  another  test  he  got  a 
cap  of  1^  inches.  He  understood  the  pressure  of  hydrogen  in  the  cylinders 
attached  to  the  lamp  was  about  1,600  or  1,700  pounds  per  square  inch. 
Each  cylinder  contained  hydrogen  sufficient  for  80  to  90  tests,  and  in  the 
two,  they  had  provision  for  160  to  180  tests.  The  cylinders  could  be  sent 
by  parcel  post  to  be  recharged  in  London,  and  while  oik-  w;is  travelling 
the  other  could  be  used. 

* Trnns.  Fed.  Inst.,  vol.  iv..  page  111. 
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Mr.  OVEREND  asked  if  this  lamp  was  a  test  to  compare  with  bhe 
ordinary  lamp  ? 

The  Chairman  Baid  the  lamp  was  proposed  to  be  used  with  less  than 
8  per  cent,  of  gas  with  the  oil  lamp,  or  less  with  the  Pieler  lamp,  so  as  to 
form  a  reliable  estimate  of  the  volume  of  gas  in  the  returns. 

.Mi'.  George  Lewis  said  their  thanks  were  due  to  Prof.  Clowes  who 
had  for  some  time  past  been  perfecting  the  details  of  his  lamp,  but  then' 
was  a  certain  amount  of  complexity  about  the  lamp  which  made  it  very 
difficult  to  use  for  examination  in  the  mine.  He  was  told  that  a  lam]), 
which  would  answer  every  purpose  of  this  lamp,  had  been  made  which 
simply  burn!  alcohol  instead  of  hydrogen,  lie  was  not  sufficiently 
acquainted  with  the  details  to  explain  it,  but  he  was  informed  that  it 
would  be  described  to  the  members  at  an  early  date. 

Prof.  A.  Lupton  said  alcohol  had  been  tried  many  times.  When 
Prof.  Clowes  first  gave  careful  attention  to  the  subject  he  commenced  with 
alcohol,  but  after  full  and  fair  trial  came  to  the  conclusion  that  hydrogen 
gas  was  the  best.  He  (Prof.  Lupton)  had  had  the  advantage  of  seeing 
this  lamp  tried  in  the  laboratory  and  in  the  mine.  "With  an  ordinary 
safety-lamp  used  in  the  ordinary  way,  they  could  see  3  to  .">  per  cent,  of 
gas,  but  sharp  eyes  were  needed  to  detect  1  to  1^  per  cent,  even  with  the 
best  forms  of  ordinary  spirit  lamp.  With  the  alcohol  lamp,  1  percent. 
showed  a  distinct  cap,  but  !,  per  cent,  did  not.  With  thehydrogen  lamp, 
they  had,  with  .',  per  cent,  of  gas,  a  cap  about  which  there  could  he  no 
doubt — a  cap  I  inch  in  length  —  which  anyone  could  sec.  A  cap  had 
been  seen  with  less  than  j  per  cent,  of  pis.  With  that  lamp,  they  had 
a  simple  and  easy  mole  of  examining  the  returns,  and  a  colliery  manager 
might  learn  to  what  extent  his  ventilation  was  clearing  away  gas.  lie 
could  find  what  percentage  of  gas  was  produced  in  the  mine:  he  could 
follow  up  the  main  return  to  the  branches,  and  see  which  ret  urn  was  bring- 
Lng  most  pis :  he  might  find  one  district  tree  from  gas  and  another  heavily 
laden.  It  was  not  necessary  to  put  this  Lamp  into  the  hands  of  all  the 
deputies,  hut  it  might  he  used  to  make  scientific  lots  of  the  air  of  a 
mine. 

Mi1.  Eenry  Lewis  said  he  disagreed  with  the  assertion  that  the  state 
of  the  returns  was  a  true  indication  of  the  safety  of  the  mine,  so  far  as  the 
existence  of  gas  was  concerned. 

Prof.  A.  LUPTON  said  he  had  not  referred  to  the  safety  of  the  mine: 
he  was  speaking  of  the  volume  of  gas. 

Mi'.  Eenry  Lewis  said  Prof.  Lupton  spoke  of  the  quantity  of  pis 
that  might   be  found   in  a  district  of  the  mine.     There  might  not  he  the 


DISCUSSION — HYDROGEN-OIL    SAFETY-LAMP.  171 

slightest  indication  of  gas  in  the  returns,  but  there  might  be  concealed  in 
some  part  of  the  mine  sufficient  gas  to  blow  up  the  colliery. 

Mr.  Stokes  said  Prof.  Lupton  stated  that  alcohol  had  been  tried  and 
found  a  failure ;  but  Prof.  Clowes  told  them  the  Pieler  lamp,  which  burnt 
alcohol,  was  the  best  test  they  could  get — there  was  no  better  test  known. 
The  only  difficulty  was  that  the  Pieler  lamp  was  not  safe. 

Prof.  Lupton  remarked  that  was  a  serious  objection. 

Mr.  Stokes  said  the  Pieler  lamp  burnt  alcohol,  and  Mr.  Pieler 
especially  recommended  that  methylated  spirits  should  not  be  used. 
With  Prof.  Clowes'  lamp,  1  per  cent,  of  gas  in  the  returns  gave  a 
cap  of  22  millimetres  (0'87  inch),  while  alcohol  gave  90  millimetres 
(3*54  inches).  A.  cap  of  90  millimetres  was  better  to  read  than  one 
of  22  millimetres.  Prof.  Clowes'  lamp  gave  a  cap  of  18  millimetres 
(0-71  inch)  with  ^  per  cent,  gas,  and  the  Pieler  lamp  65  millimetres 
(2-56  inches) ;  with  \  per  cent,  of  gas,  the  Clowes  lamp  had  a  cap 
of  17  millimetres  (0*67  inch),  so  that  between  \  and  \  per  cent. 
of  gas  the  cap  only  increased  ]  millimetre  (0*04  inch) ;  but  with 
the  Pieler  lamp,  \  per  cent,  of  gas  gave  30  millimetres  (1*18  inches)  or 
35  millimetres  (1*38  inches)  as  the  difference  in  the  length  of  cap  between 
£  and  \  per  cent,  of  gas.  Between  \  per  cent,  and  1  per  cent.,  with  the 
Clowes  lamp  they  had  a  difference  of  5  millimetres  (0*20  inch),  but  with 
the  Pieler  lamp  the  difference  was  60  millimetres  (2*36  inches).  The 
Pieler  lamp  was  such  a  good  indicator  that  with  2^  per  cent,  of  gas  it 
became  unsafe,  the  flame  filling  the  entire  gauze — it  was  too  good  a  test. 
The  most  serious  objection  to  the  Pieler  lamp  was  that  another  lamp  must 
be  carried  to  give  light.  The  lamp  Mr.  Lewis  had  named  burnt  alcohol, 
but  in  a  separate  vessel  entirely.  This  vessel  was  carried  by  the  official 
in  his  waistcoat  pocket  and  was  filled  with  alcohol.  The  official  had 
simply  to  introduce  two  threads  of  wick  through  a  hole  in  the  bottom  of 
the  lamp  into  the  already  lighted  lamp,  turn  the  light  down,  and  the 
alcohol  was  left  burning  with  a  \  inch  flame.  The  new  lamp  had  been 
tested,  and  would  indicate  up  to  2-^  per  cent.,  but  for  3  per  cent,  an  oil 
flame  would  prove  best. 

Prof.  A.  Lupton  said  that  Prof.  Clowes  had  no  idea  a  rival  lamp  was 
going  to  be  brought  forward  when  he  lent  his  lamp  to  be  shown  that  day. 
He  (Prof.  Lupton)  had  tested  the  Pieler  lamp  many  years  ago,  and  while 
it  gave  large  caps  they  were  hardly  visible.  He  had  been  in  a  mine 
with  a  Pieler  lamp  in  a  considerable  amount  of  fire-damp,  and  while 
there  undoubtedly  was  a  large  cap  when  they  knew  how  to  see  it,  yet  it 
was  not  easily  seen  except  by  an  expert  in  the  use  of  that  lamp.     With 
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the  hydrogen  lamp  anybody  could  Bee  the  cap  clearly  with  £  per  cent,  of 
gas;  the  Pieler  had  not  come  into  popular  use  owing  to  the  difficulty  of 
reading  the  indications  and  for  other  reasons. 

The  Chairman  said  be  had  no  idea  that  another  lamp  would  be 
mentioned  when  he  stated  that  Prof.  Clowes'  lamp  was  now  in  practical 
shape.  The  time  would  come  when  must  of  them  would  desire  to  have  a 
wit  sensitive  test  for  showing  gas  in  the  returns.  He  agreed  with  Mr. 
Lewis  that  it  would  not  be  a  final  test  in  finding  gas,  or  of  the  safety  of 
the  mine,  but  it  was  one  of  the  tests  which,  in  conjunction  with  others, 
would  help  them  to  make  their  mines  safer. 

Mr.  J.  B.  Smith  asked  if  coal-dust  affected  the  caps? 

The  Chairman  said  that  he  had  been  told  that  no  test  for  gas  was 
reliable  in  the  presence  of  coal-dust. 


THE  ROYAL  COMMISSION  ON  ROYALTY  RENTS  AND 
WAYLEAVES. 

Mr.  A.  Barnes  (one  of  the  Commissioners),  read  a  number  of 
extracts  from  the  report  of  the  Royal  Commission  on  Royalty  Rents  and 
Wayleaves,  and  promised  to  give  further  particulars  at  a  future  date. 


Mr.  Jos.  Mitchell  moved  that  the  best  thanks  of  the  meeting  be 
given  to  Mr.  C.  E.  Rhodes  and  Mr.  W.  Henry  ('handlers  for  allowing 
members  to  visit  their  collieries  that  day. 

Mr.  J.  B.  Smith,  as  a  member  of  the  Chesterfield  Institute,  had 
pleasure  in  seconding  the  proposition. 

The  Chairman  put  the  vote  of  thanks  to  the  meeting,  and  it  was 
carried  unanimously. 


Mr.  Geo.  Lewis  moveda  vote  of  thanks  to  Mr.  Garforth  for  presiding. 
Mi'.  A.  M.  CHAMBERS  seconded   the  motion,  which  was  carried  by 
acclamation. 


ROTHERHAM   MAIN   COLLIERY.  173 

Mr.  Thomas  Settle,  manager  of  New  Mills  gasworks,  exhibited  and 
explained  to  the  members  a  working  model  of  a  safety- clip  or  catch  which 
he  had  invented. 


The  members  afterwards  dined  together. 


The  following  notes  record  some  of  the  features  of  interest  seen  by  the 
visitors  to  the  Rotherham  Main  colliery  : — 

KOTHERHAM  MAIN  COLLIERY. 

The  sinking  of  two  shafts,  each  18  feet  in  diameter,  at  this  colliery  com- 
menced in  1890.  The  water  is  tubbed  back  with  cast-iron  tubbing  at  a 
depth  of  84  yards  in  each  shaft.  Pulsometer  pumps  were  employed  to 
drain  the  water,  the  maximum  quantity  pumped  being  120,000  gallons 
per  hour  from  a  maximum  depth  of  84  yards  ;  nine  No.  9  pulsometer 
pumps  were  in  use  at  one  time  in  one  shaft. 

At  No.  1  pit,  the  main  winding-engine  has  two  cylinders  40  inches 
in  diameter  and  6^  feet  stroke,  with  round  rope-drum  24  feet  in  diameter, 
and  is  fitted  with  steam  reversing-gear.  The  cages  will  carry  eight  tubs 
of  10  cwts.  each.  During  the  sinking  a  flat  rope-drum  12  feet  in  diameter 
was  used. 

The  wrought-iron  headgear  for  No.  1  pit  will  stand  60  feet  above  the 
pit-hill,  which  will  be  26  feet  above  ground-level. 

Screens  and  picking-bands  are  being  erected. 

The  No.  2  pit  was  sunk  by  an  engine  with  two  cylinders,  each  18 
inches  in  diameter,  which  will  be  used  for  haulage  purposes. 

A  winding-engine  with  two  cylinders,  each  20  inches  in  diameter, 
will  draw  coal  from  the  high  hazel  seam,  and  an  engine  with  two 
cylinders,  each  30  inches  in  diameter,  will  wind  from  the  Barnsley  seam. 

Some  of  the  boilers  are  intended  to  be  worked  by  the  waste  heat  from 
coke-ovens.     The  remainder  of  the  boilers  will  be  hand-fired. 

An  air-compressor,  put  down  for  sinking  purposes,  is  working  drills 
and  a  Stanley  heading-machine. 

A  Capell  single-inlet  fan,  12-^  feet  in  diameter,  was  used  during  the 
sinking,  and  will  be  kept  as  a  reserve  fan  in  case  of  accidents.  The  per- 
manent fan  will  shortly  be  erected. 
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The  electric  light  was  used  during  the  sinking  operations  and  on  the 
surface-works,  furnished  by  a  small  oblique  engine  and  a  No.  4  Man- 
chester dynamo. 

The  brick-making  plant  consists  of  one  Fawcett  semi-dry  machine 
capable  of  making  12,000  bricks  per  day  :  it  is  driven  by  a  horizontal 
engine  with  two  cylinders,  each  18  inches  in  diameter.  There  are  two 
Newcastle  kilns,  each  holding  25,000  bricks,  and  two  ordinary  open-top 
kilns  each  holding  75,000  bricks. 
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MIDLAND    INSTITUTE    OF    MINING,    CIVIL,    AND 
MECHANICAL   ENGINEERS. 


GENERAL    MEETING, 

Held  at  the  Royal  Victoria  Hotel,  Sheffield 

April  8th,  1893. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members,'-  having  been  pre- 
viously nominated  : — 

Mr.  Samuel  Barraclough,  Mechanical  Engineer,  Union  Foundry,  Barnsley. 
Mr.  Ed.  Brooke,  Colliery  Proprietor,  Edgerton,  Huddersfield. 
Mr.   Geo.   Richd.    Mayes,    Mechanical    and    Mining   Engineer,   Dukinfield 
Collieries,  near  Manchester. 


This  being  the  date  of  the  Joint  Meeting  with  the  Chesterfield  and 
Midland  Counties  Institution  of  Engineers,  the  separate  meeting  of  the 
Midland  Institute  was  held  pro  forma  for  the  election  of  members  only. 
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MIDLAND    INSTITUTE   OF   MINING,   CIVIL,   AND 
MECHANICAL   ENGINEERS. 


GENERAL     MEET  INC. 
Held  at  the  Queen's  Hotel,  Leeds,  June  24th,  1893. 


Mr.  W.  E.   GARFORTH,   President,  in  the  Chaih. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members,  having  been  previously 
nominated : — 

Mr.  Alfred  Ashley  Atkinson.  Mining  Engineer,  Barrow  Collieries,  Bamsley. 

Mr.  Wm.  Foulstone,  Colliery  Engineer  and  Contractor,  Barnsley. 

Mr.  Fredk.  Garside,  Engineer.  Wath  Main  Colliery,  Rotherham. 

Mr.  Walter  Machen,  Colliery  Manager.  Car  House,   K<>therham. 

Mr.  Moses  Soar,  Engineer,  Warren,  Chapeltown,  SheflBeld. 

Mr.  Harry  Wormald,  Engineer,  Featherstone,  Pontefract. 


DISCUSSION  UPON  PROF.  CLOWES'  PAPER  ON  "A  PORTABLE 
SAFETY-LAMP,  WITH  ORDINARY  OIL  ILLUMINATING 
FLAME,  AND  STANDARD  HYDROGEN-FLAME  FOR 
ACCURATE  AND  DELICATE  GAS-TESTING."* 

The  President  said  that  Prof.  Clowes'  safety-lamp  for  detecting- 
small  quantities  of  fire-damp  would  prove  a  most  useful  instrument.  It 
had  been  used  at  Messrs.  Pope  &  Pearson's  collieries,  and  the  deputies 
had  been  astonished,  where  they  thought  places  free  from  gas,  to  be 
shown  that  .',  per  cent.  \\;i<  present.  There  was  another  lamp  in  prepara- 
tion which  would  lie  cheaper  than  Prof.  Clowes1  Lamp,  hut  he  did  not 
think  it  would  yield  similarly  accurate  results. 

Mr.  J.  Nevix  asked  the  President  if  he  had  tried  the  Pieler  lamp  ? 

*  Trans.  Fid.  Inst.,  vol.  iv..  page  III. 
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The  President  said  he  had  not  tried  the  Pieler  lamp  for  the  purpose 
of  detecting  small  percentages  of  fire-damp.  Prof.  Clowes'  lamp  readily 
showed  a  cap  indicating  ^  per  cent.,  even  with  such  a  very  large  volume 
of  air  passing  as  140,000  cubic  feet  per  minute.  -The  idea  of  its  use  was 
to  trace  back  from  the  returns  to  the  districts,  so  that  they  might  find 
whence  any  marked  percentage  of  gas  was  derived. 

Mr.  J.  Nevin  asked  what  was  the  lowest  percentage  of  fire-damp 
which  could  be  indicated  on  Prof.  Clowes'  lamp  ? 

The  President  said  Prof.  Clowes  thought  that  ^  per  cent,  of  fire- 
damp could  be  detected,  but  when  the  percentage  was  so  small  he  began 
to  doubt  the  quantity,  and  should  not  like  to  go  into  a  witness-box  and 
say  it  was  \  per  cent. 

Mr.  E.  W.  Thirkell  said  the  halo  on  the  top  of  the  flame  was  as 
long  in  5  per  cent,  as  in  ^  per  cent,  of  fire-damp,  but  it  was  not  so  clearly 
and  well  defined.  He  had  tested  the  lamp,  and  could  confirm  all  the 
President  had  said. 

Mr.  Nevin  asked  what  percentage  of  fire-damp  the  Pieler  lamp 
would  indicate  ? 

The  President  replied  from  \  per  cent. 

Mr.  Nevin — And  from  that  up  to  an  explosive  mixture  ? 

The  President— Yes.  Some  people,  he  added,  objected  to  finding 
small  quantities  of  gas,  especially  when  they  had  to  record  the  same  in 
the  report  books,  but  he  considered  that  they  ought  to  be  reported,  and 
that,  if  possible,  the  standard  of  inspection  should  be  improved.  When  he 
brought  out  a  little  instrument  some  years  ago  which  they  could  put  into 
any  crevice  to  get  a  small  volume  of  gas,  one  man  said  to  him  "I  am 
astonished  an  instrument  should  be  invented  for  finding  gas ;  if  you  could 
find  out  something  the  gas  would  not  show  on,  it  would  be  much  better," 
then  they  should  not  be  subject  to  the  Inspector  of  Mines  going  down 
and  getting  a  bag  full  of  gas  and  squirting  it  over  some  flame  or  other, 
saying  "  There  !  " 

Mr.  Nevin  said  the  man  could  get  his  wish  with  the  electric  lamp. 

Mr.  Thirkell  said  he  had  compared  Prof.  Clowes'  lamp  with  an 
ordinary  bonneted  Mueseler  safety-lamp  burning  colzaline,  and  found  that 
2  per  cent,  could  be  detected  with  the  ordinary  safety-lamp. 

The  President  said  Prof.  Clowes  had  now  got  a  scale  attached  to  the 
lamp,  and  when  it  was  perfected  he  would  attend  at  their  meeting  and 
explain  its  use. 
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DISCUSSION  UPON  MR.  E.  BROWN'S  PAPER  ON  "  EXPERI- 
MENTS  UPON  TWO  GUIBAL  FANS  AT  ST.  JOHN'S 
COLLIERY,  NORMANTON."* 

Mr.  E.  Brown  said  he  had  nothing  to  add  to  the  paper,  beyond 

remarking  that  in  Table  III.,  column  1st,  they  would  see  that  column  1 1 
ought  to  be  divided  by  column  10,  ami  not  column  in  by  column  11  as 
stated. 

Mr.  T.  W.  H.  Mitchell  said  that  instead  of  saying  the  air  should  lie 
divided  by  the  engine-power  to  get  the  useful  effect,  it  hail  been  put  the 
other  way  about. 

Mr.  Brown  said,  with  reference  to  the  water- gau^e  experiments  made 
at  the  inlet  of  the  Tans,  that  the  chimney  was  situated  at  the  Left-hand  side 
of  Pig.  6,  Plate  XXII. 

The  President  asked  if  the  fans  were  being  run  in  the  same  way  now  ? 
Mr.  E.  Brown  said  they  were. 

The  President  asked  if  Mr.  Brown  had  seen  any  reason  to  alter  his 
opinion  ? 

Mr.  Brown  said  he  had  not.  The  fans  had  been  running  in  this  way 
for  three  years  and  the  results  proved  that  they  got  the  same  volume  of  air 
with  a  less  indicated  horse-power  with  the  two  tans  running  together. 

Mr.  J.  Nevin  said  he  supposed  one  fan  was  not  large  enough  to  do  the 
work,  and  if  it  was  run  at  such  a  speed  that  it  would  do  the  work  they  lost 
useful  effect  ? 

Mr.  Brown  said  that  was  so — from  12  to  17  per  cent,  of  useful  effect 
was  lost. 

The  President  asked  Mr.  Brown  if  he  would  recommend  the  use  of 
two  fans  ? 

Mr.  Brown  said  be  did  not  know.  If  they  had  two  fans,  they  could 
run  one  while  they  repaired  the  other.  He  though!  it  would  be  as 
economical  to  put  down  two  small  fans  as  one  large  fan.  He  did  not 
intend  to  propound  any  theory,  but  with  two  fans  they  obtained  better 
results  at  a  low  speed  than  with  a  single  fan  at  a  high  speed  ;  both  fans 
running  together  produced  131,985  cubic  feel  of  air  at  65  revolutions  per 
minute,  and  it  required  the  single  fan  to  run  at  80  revolutions  to  produce 
a  similar  volume  of  air. 

The  President  thought  it  would  be  desirable  if  they  could  deduce 
certain  leadimr  farts  from  the  experiments  as  to  whether,  in  the  case  of 
new  sinkings,  or  in  old  sinkings  (where  they  intended  putting  down  a 
*    Trim*.  I'n/.  Itut.,  vol.  iv..  page  532.  f  Ibid.,  vol.  iv.,  page  538. 
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fan  to  take  the  place  of  another  fan  or  a  fnrnace),  this  could  be  carried 
out  with  advantage.  If  they  had  got  leading  facts  in  their  minds,  it 
sometimes  saved  a  large  expenditure  of  money.  That  was  what  he  meant 
by  asking  Mr.  Brown  if,  supposing  that  he  had  to  erect  a  new  fan,  the 
extra  expense  of  having  two  fans  would  be  repaid  by  the  assurance 
that  in  case  of  a  breakdown,  he  had  a  duplicate  fan  ? 

Mr.  Nevin  said  it  was  an  interesting  paper,  because  it  was  rare  that 
they  had  the  opportunity  of  testing  two  fans  on  the  same  mine,  of  seeing 
what  one  fan  would  do  and  what  was  the  result  of  adding  a  second  fan. 
He  thought  much  might  be  said  in  favour  of  Mr.  Brown's  view  that 
in  some  cases  it  might  be  better  instead  of  getting  one  large  fan  and  a 
duplicate  engine,  as  they  usually  did,  to  duplicate  both  fan  and  engine.  . 

Mr.  T.  "W.  H.  Mitchell  suggested  that  the  question  might  arise 
whether  they  would  put  down  two  excessively  large  fans,  so  that  when  one 
broke  down  they  would  not  have  to  run  the  other  at  such  a  high  rate  of 
speed  as  Mr.  Brown  had  had  to  run  his,  viz.,  to  run  at  91  revolutions  to 
get  the  volume  of  air  that  he  obtained  with  only  75  revolutions,  when  the 
two  were  running  together. 

Mr.  Nevin  said  the  high  speed  would  only  be  required  in  cases  of 
emergency.  They  had  a  Guibal  fan,  and  when  putting  in  a  new  set  of 
arms,  they  had  to  put  on  a  temporary  furnace,  but  even  then  could  not 
work  the  whole  pit.  If  they  had  had  two  fans,  they  would  have  run  one 
at  a  high  speed  till  the  other  fan  was  repaired. 

Mr.  Brown  said  that  was  just  what  they  were  going  to  do.  They 
were  going  to  replace  one  fan,  and  should  continue  to  work  the  pit  with 
one  fan  until  the  other  was  replaced. 

The  President  said  the  crystallization  which  would  take  place  in  the 
fan-shaft  by  constant  running  would  lead  to  breakdowns.  Any  stranger, 
not  an  engineer,  going  to  a  colliery  wondered  that  they  should  spend  so 
much  money  in  duplicating  the  engine  and  yet  did  not  go  beyond  that.  He 
thought  in  putting  down  a  fan  they  should  look  at  the  time  when  they 
might  have  a  high  water-gauge.  They  could  not  sink  pits  in  the  future 
as  they  had  in  the  past,  but  must  prepare  for  a  higher  water-gauge,  and 
therefore  a  small  fan  running  at  a  high  periphery-speed  would  be  better 
than  a  large  one. 

Mr.  Turnbull  said  he  was  of  opinion  that  a  small  diameter  of  fan 
would  be  more  popular  in  the  future. 

Mr.  W.  Hargreaves  said  that  at  Rothwell  Haigh  colliery,  they  had 
large  fans  40  feet  in  diameter  by  10  feet  and  12  feet  wide.  During  the  last 
two  years  they  had  erected  small  Capell  fans,  and  obtained  much  better 
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results.  If  they  had  an  accident  with  a  single  fan,  it  was  a  very  serious 
matter;  with  the  Leeds  Pan  it  would  require  at  Least  three  or  four  weeks  to 
replace  the  shaft.  Ee  believed  the  time  would  come  when  Bmaller  fans 
would  be  more  generally  used,  for  in  case  of  accident,  if  they  could  not 
work  the  whole  pit  with  one  fan  they  could  at  all  events  keep  a  part  of  it 
at  work. 

The  President  said  he  had  examined  a  tan-shaft  that  had  heen 
working  for  twenty-three  years,  and  looking  at  it  through  a  magnifying- 
glass  it  appeared  like  the  wrinkled  forehead  of  an  old  man.  The  strokes 
had  gone  across  it,  showing  its  life  had  heen  run.  He  put  in  a  hest 
Yorkshire  iron  shaft,  as  he  could  not  get  the  same  uniformity  in  steel. 


FRICTION-CLUTCHES. 

The  President  said  he  had  expected  that  a  paper  would  be  read  by 
Mr.  Hedley  on  friction-clutches,  but  up  to  the  present  it  had  not  been 
received. 

Mr.  L.  Dobinson  said  he  thought  they  had  one  of  the  best  for  pulling 
heavy  weights  up  steep  gradients  up  to  9  inches  to  the  yard. 

The  President  asked  what  was  the  greatest  weight  they  hail  lifted  ? 

Mr.  Dobinson  said  that  had  not  been  ascertained  ;  their  engine- 
plane  would  be  extended  for  a  further  distance  of  250  yards,  when  they 
would  get  the  maximum  weight,  but  they  found  the  friction-clutch  in  use 
was  able  to  do  the  work. 

The  President  asked  how  many  tubs  were  drawn  in  one  set  ? 

Mr.  Dobinson  said  they  ran  trains  of  three  tubs,  and  there  might  be 
on  this  inclined-plane  24  full  tubs. 

The  President  :    On  a  gradient  of  1  in  4  ? 

Mr.  Dobinson — Yes.  He  added  that  in  another  branch  of  the  same 
colliery,  on  a  gradient  of  1  in  13  worked  by  the  same  friction-clutch, 
they  ran  about  20  tubs  at  one  time. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  Barnsley.  July  26th,  1893. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  meeting;  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members,  having  been  previously 
nominated : — 

Mr.  Francis  Ernest  Chambers,  Mining  Student,  Tinsley  Colliery,  Sheffield. 
Mr.  John  James  Pattison,  Colliery  Manager,  Morley  West  End  Colliery, 

Batley. 
Mr.  Wm.  Settle,  Mining  Engineer,  Darcy  Lever,  Bolton. 
Mr.  John  Smith,  Mining  Engineer,  Bickershaw  Collieries,  Leigh. 
Mr.  W.  Wilde,  Colliery  Manager,  Darfield  Main  Colliery,  Barnsley. 
Mr.  Guy  Wood,  Commercial  Manager,  Darfield  Main  Colliery,  Barnsley. 


Mr.  "W.  A.  Ritson  and  Mr.  R.  Trumbull  were  appointed  scrutineers  of 
the  voting  papers  for  the  election  of  officers  for  the  year  1893-94,  and 
of  the  balloting  lists  for  representatives  on  the  Council  of  the  Federated 
Institution  of  Engineers  for  the  year  1893-94. 


The  Secretary  (Mr.  T.  W.  H.  Mitchell)  read  the  Annual  Report  of 
the  Council  as  follows  : — 

p 
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THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  handing  the  members  of  the  Institute 
their  report  on  the  work  of  the  past  year. 

The  number  of  members  on  the  hooks  of  the  Institute  al  the  end  of 
the  year  was  3  Life  Members,  18  Honorary  Members,  and  130  Ordinary 

Members.     This  is  an  increase  of  18  in  the  number  of  Ordinary  Members. 

The  arrears  of  subscriptions  during  the  past  year  are  L'21  18s.,  all  of 
which  the  Council  consider  good  and  hope  that  the  amount  will  be  paid 
during  the  current  year. 

From  the  statement  of  accounts  which  have  been  duly  audited,  it 
will  be  seen  that  there  is  a  balance  in  hand  of  £26  2s.  7d.,  after  paying 
all  liabilities  against  the  Institute.  This  must  be  considered  very  satis- 
factory when  it  is  remembered  that  the  Institute  has  been  unexpectedly 
called  upon  by  the  Federated  Institution  of  Mining  Engineers  to  con- 
tribute the  sum  of  £25  Is.  to  meet  the  deficiency  on  the  first  three  years' 
working  of  that  Institution. 

A  very  successful  joint  meeting  with  the  Chesterfield  Institution  was 
held  at  Sheffield  in  April,  when  paper's  were  read  on  a  "Combined 
Centre-line  Apparatus,"  by  Mr.  W.  Foulstone,  and  a  description  of  the 
"Arrangements  for  Sinking  to  the  Whinmoor  Seam  from  the  Silkstone 
Seam  at  the  Tankersley  Collieries,"  by  Mr.  W.  Hoole  Chambers. 

Through  the  kindness  of  the  proprietors  and  managers  of  the  Cadeby 
and  Rotherham  Main  Collieries  the  members  of  the  two  institutes  had 
an  opportunity  of  visiting  those  important  collieries. 

The  Council  take  the  opportunity  of  thanking  the  owners  and 
managers  of  collieries  for  their  kindness  in  allowing  inspections  of  their 
mines  and  works,  and  consider  that  the  benefits  which  are  derived  there- 
from are  of  great  value  not  only  to  the  older  members  of  the  Institute, 
but  of  exceptional  value  to  the  junior  members,  as  they  have  the  advan- 
tage of  seeing  more  modern  appliances  put  down  for  the  working  of 
collieries,  and  as  the  mines  get  deeper  (as  they  are  doing  in  this  district), 
each  new  winning  affords  experience  for  any  future  sinkings.  This 
experience  will  enable  the  mining  profession  to  cope  with  the  difficulties 
which  will,  no  doubt,  be  entailed  in  reaching  and  working  seams  of  coal 
at  great  depths. 

The  Council  hope  that  members  who  have  special  appliances,  for 
dealing  with  special  difficulties  met  with  in  working  their  collieries,  will 
afford  the  members  of  the  Institute  an  opportunity  of  viewing  the  same. 
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The  Council  desire  to  call  the  attention  of  the  members  to  the 
increase  in  the  number  of  institutes  joining  the  Federated  Institution  of 
Mining  Engineers.  On  August  1st,  the  Mining  Institute  of  Scotland 
will  become  federated,  and  as  the  next  meeting  of  the  Federated  Institution 
will  be  held  in  Glasgow  in  September,  the  Council  think  it  would  be  a 
fitting  opportunity  for  the  members  of  this  Institute  to  welcome  the 
Mining  Institute  of  Scotland. 

The  following  papers  have  been  read  during  the  past  year : — 

'  Underground  Haulage  at  the  West  Riding  Collieries,  Normanton,"  by  Mr. 

W.  E.  Garforrh. 
"  Endless  Rope  Haulage  at  the  Thorncliffe,  Rockingham,  and  Tankersley 

Collieries,"  by  Mr.  W.  Hoole  Chambers. 
Inaugural  Address  by  the  President,  Mr.  W.  E.  Garforth. 
"  The  Wear  and  Tear  of  Steam  Boilers  due  to  Expansion  and  Contraction 

Strains,"  by  Mr.  J.  Clarke  Jefferson. 
"  Some     Systems   of     Underground    Haulage    at    Messrs.    Charlesworth's 

Collieries,"  by  Mr.  Walter  Hargreaves. 
"Experiments  upon  two  Fans,  at  St.  John's  Colliery,  Normanton,"  by  Mr. 

E.  Brown. 

The  Council  would  call  the  attention  of  the  members  to  the  paragraph 
in  the  President's  address  giving  subjects  for  various  papers,  viz., 
different  methods  for  working  coal,  including  the  more  extended  use  of 
coal- cutting  machines  ;  the  systems  of  ventilation,  dealing  with  increased 
temperature  ;  the  more  economical  use  of  compressed-air  ;  the  applica- 
tions of  electricity  ;  the  best  means  of  conveying  coal  underground  ;  the 
different  systems  of  washing  small  coal ;  the  use  of  explosives  in  those 
mines  where  longwall  cannot  properly  be  worked  ;  coal-dust ;  safety- 
lamps  ;  and  means  for  detecting  fire-damp ;  and  trust  that  the  members 
will  make  an  effort  to  bring  any  of  the  above-named  subjects  before  the 
Institute  in  the  shape  of  papers  so  that  this  Institute  may,  as  regards 
the  contribution  of  papers,  maintain  its  position  in  the  Transactions  of 
the  Federated  Institution  of  Mining  Engineers. 

Mr.  Lupton  said  the  increase  of  members  was  very  satisfactory  and 
the  list  of  papers  showed  that  the  Institute  was  more  vigorous  than  ever. 

The  report  was  then  adopted  unanimously. 


ACCOUNTS. 

Mr.  H.  B.  Nash  (one  of  the  auditors)  read  the  statement  of  accounts 
for  the  year  ending  June  30th,  1893,  as  follows  : — 
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18(!  DISCUSSION — CLASSIFICATION    OF    MEMBERS. 

Mr.  Nash  said  the  general  statement  showed  they  had  do  Liabilities 
whatever,  which  was  most  satisfactory.  He  moved  that  the  accounts 
and  balance-sheet  be  passed. 

Mr.  .1.  Xkvix  seconded  the  motion,  saying  the  accounts  were  most 
satisfactory,  and  that  it  was  a  treat  to  have  do  Liabilities. 

The  President  said  the  Transactions  were  only  valued  at  is.  per 
copy.     He  thought  they  might  realize  more  than  that  in  the  future. 

The  motion  was  carried  unanimously. 

The  SECRETARY  said  there  was  nothing  in  the  capital  account  for  the 
value  of  the  library. 

Mr.  Nash  said  there  was  nothing  credited  in  the  accounts,  except  the 
loose  transactions  in  stock. 

The  President  said  he  thought  it  would  be  better  if  everything  was 
included.     It  was  advisable  to  have  a  complete  inventory. 

Mr.  Nkvin  said  they  should  state  in  the  assets — library,  so  many 
volumes,  and  charge  nothing  for  it. 

Mr.  LUPTON  asked  why  not  value  the  library  at  a  fair  price,  keep  it 
as  an  ordinary  stock  account,  and  depreciate  it  in  the  usual  way? 

Mr.  Nevix  said  the  exchanges  received  every  year  would  make  np 
for  any  depreciation. 

The  President  suggested  that  an  inventory  should  be  made. 

Mr.  Nash  suggested  that  the  books  might  be  bound. 

The  SECRETARY  promised  to  prepare  a  catalogue  of  the  books  to  be 
presented  to  the  next  General  Meeting. 


CLASSIFICATION  OF  MEMBERS. 

Mi'.  Xkvix  said  the  Council  had  received  a  requisition  from  the 
Council  of  the  Federated  Institution  of  Mining  Engineers,  in  accordance 
with  their  Bye-law  8  for  the  classification  of  members,  and  to  meet  this  he 
moved  "That  the  members  of  this  Institute  on  the  register  on  the  30th 
June,  1893,  shall  be  classified  as  members  under  part  B,  sec.  (a),  and  that 
all  nominations  in  future  must  state  the  class  to  which  members  wish 
to  belong,  the  Council  reserving  to  themselves  the  right  to  recommend  to 
a  General  Meeting  the  alteration  of  such  classification  should  they  think 
Decessary." 

The  Secretary  said  it  had  been  arranged  that  all  present  members 
should  be  placed  in  class  (a). 
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The  President  said  the  members  knew  that  when  the  Institute  was 
in  an  impoverished  state  they  welcomed  commercial  members  to  help 
them  to  pay  the  cost  of  printing  the  Transactions.  The  Council  had  had 
the  matter  under  consideration  for  some  time,  and  found  a  difficulty  in 
classifying  certain  members.  Some  members  connected  with  trade  had  no 
objection  to  be  put  down  as  commercial  men,  but  there  were  others, 
especially  gentlemen,  who  took  part  in  the  commercial  management 
of  a  colliery,  but  had  nothing  to  do  with  the  underground  department 
who  objected  to  be  placed  in  class  (b.)  The  Council  thought  it  would  be 
better  in  future  elections  to  classify  them,  but  to  let  the  old  members 
remain  as  at  present. 

Mr.  A.  Lupton — All  existing  members  remain  in  perpetuity  in  class 
(a),  and  the  division  will  apply  only  to  new  members  ? 

The  President  said  that  was  so.  It  was  expected  in  the  next  year  or 
two  probably  some  further  rule  would  be  made,  and  that  would  be  the 
time  to  further  divide  the  members.  For  the  present  they  thought  it 
would  be  better  to  make  no  distinction  as  regards  old  members. 

Mr  Thirkell  seconded  the  resolution,  saying  the  matter  hail  been 
carefully  thought  out,  and  he  was  quite  in  favour  of  it. 

Mr.  Lupton  said  it  seemed  to  him  a  most  important  resolution. 

Mr.  Xenix  said  alterations  of  rules  could  only  be  made  at  the  Annual 
General  Meeting. 

The  President  agreed  that  it  was  an  important  question.  The  matter 
was  under  discussion  at  the  Council  Meeting  of  the  Federated  Institution 
of  Mining  Engineers,  in  June,  and  the  representatives  of  every  institute 
expressed  their  difficulty  in  conforming  to  this  rule.  The  representatives  of 
the  North  of  England  Institute  of  Mining  Engineers  advised  that  the 
present  members  be  left  under  one  head,  and  from  a  certain  date,  which 
might  be  from  that  day,  to  classify  the  new  members  as  proposed.  The 
idea  was  to  place  the  mining  and  mechanical  engineer  and  colliery 
manager  respectively  in  their  proper  positions. 

Mr.  Nash  said  he  supposed  it  was  intended  to  work  themselves 
gradually  on  the  same  lines  as  the  Institution  of  Civil  Engineers,  so  that 
when  they  got  a  charter  of  Incorporation  they  should  be  in  a  position  to 
put  themselves  in  line  with  as  little  detail  work  as  possible. 

Mr.  Lupton  said  he  did  not  oppose  the  resolution  which  did  not 
prejudice  any  existing  member.  At  the  same  time  it  would  be  a  good 
thing  if  it  were  understood  that  in  future  notice  should  be  given  to 
members  of  important  resolutions. 

The  Secretary  pointed  out  that  this  did  not  in  any  way  interfere 
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with  or  alter  the  rales  of  the  Institute,  that  in  the  present  nomination 
forms  there  was  a  blank  Left  for  the  proposers  to  state  to  what  class  the 
member  wished  to  belong  and  that  this  was  a  matter  that  could  be  Left 
to  i lie  Council. 

Mr.  Thirkell  said  that  members  knew  that  business  was  done  at 
the  Annual  General  Meetings  which  could  not  be  done  at  other  meetings. 

The  resolution  was  then  adopted  unanimously. 


ELECTION  OF  OFFICERS. 

The  Scrutineers  reported  the  result  of  the  election  of  officers  for 
the  year  1893-94  as  follows  :— 

President. 
W.  E.  Gaefokth,  Esq. 

Vice-Presides  is. 
W.  IIargreavks.  Esq.,  J.  Losgbotham,  Esq.,  H.  B.  Nasii,  Esq. 


Council. 


J.  E.  Chambers,  Esq. 
W.  Boole  chambers,  Esq. 
H.  S.  Childe.  Esq. 
S.  H.  Hedley,  Esq. 


T.  R.  Maddison.  Esq. 
J.  Nevis,  Esq. 
E.  W.  Thirkell,  Esq. 
G.  B.  Walker.  Esq. 


Secretary  and  Treasureu. 
T.  W.  H.  Mitchell.  Esq. 


Mr.  W.  Boole  Chambers  moved  a  hearty  vote  of  thanks  to  the 
President  for  his  conduct  in  the  chair  during  the  pasi  year.  Mr. 
Garforth  had  tin-own  into  the  business  of  the  Institute  an  amount  of 
work  which  had  been  greatly  appreciated  by  the  members,  and  had 
reflected  greatcredit  upon  himself.  It  was  not  desirable  for  him  to  make 
invidious  distinctions,  but  he  was  sun.'  the  conduct  of  the  President  in 
the  past    year  had  been  such  as  would  raise  the  character  of  the  Institute 

and  do  them  credit,  amongst  the  other  institutes.  He  trusted  that  next 
year  the  President  would  receive  greater  help  in  the  way  of  pipers  and 
discussions,  which  would  enhance  the  interests  of  the  Institute  and  the 
honour  of  this  important  district. 
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Mr.  Luftox  had  great  pleasure  in  seconding  the  motion.  He  had 
the  privilege  of  knowing  Mr.  Garforth  more  than  twenty  years  ago,  and 
whatever  the  situation  he  was  in  his  mind  was  working  upon  the  business 
in  hand,  and  making  suggestions  for  the  benefit  of  the  business  he  was 
doing. 

The  resolution  was  carried  unanimously. 

The  President  said  he  was  extremely  obliged  for  the  kind  manner  in 
which  they  had  spoken  of  the  work  he  had  tried  to  do  during  the  past 
year.  He  could  not  have  dispensed  with  the  assistance  and  hearty  support 
of  the  Vice-Presidents,  Council,  and  members.  He  thanked  them  for 
appreciating  what  he  had  done,  and  hoped  to  go  on  satisfactorily  during 
the  present  year. 


REPRESENTATIVE  ON  THE  COUNCIL  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  EXGIXEERS  FOR  THE  YEAR 
1893-94. 

The  Secretary  reported  the  result  of  the  ballot  as  follows : — 

W.  K.  Gakforth,  Esq.  i  Jos.  Mitchell.  Esq. 

J.  Loxgbotham.  Esq.  C.  E.  Rhodes.  Esq. 

.7.   Nevi.v.  Esq. 


MIXERS'  SAFETY-LAMPS. 

Mr.  Best  exhibited  and  explained  an  arrangement  for  lighting  and 
re-lighting  safety-lamps  by  electricity. 

The  President  asked  how  many  lamps  one  man  could  light  in  one 
morning  ? 

Mr.  Best  said  the  apparatus  he  had  shown  was  only  intended  for 
lighting  lamps  at  a  lamp-station  in  the  workings.  For  lighting  lamps  in 
the  lamp-room  the  wire  was  taken  to  the  window,  and  when  a  man  asked 
for  his  lamp  it  was  lighted  as  it  was  handed  out  to  him.  About  500  lamps 
could  be  lighted  in  a  morning  between  5*30  and  6  a.m.  One  lamp  could 
be  put  out  and  re-lighted  six  times  in  10  seconds.  The  system,  however, 
was  not  yet  in  use  at  any  colliery. 

Mr.  Nash  said  they  lit  the  lamps  by  electricity  at  the  Hemsworth 
Fitzwilliam  colliery  as  the  men  applied  for  them. 

Mr.  Thirkell  asked  if  a  current  was  not  supplied  to  the  lamp-cabin 
to  light  several  lamps  at  once  ? 
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Mr.  Best  said  the  idea  was  that  no  more  lamps  should  be  lighted  than 
were  warned.  If  there  wore  four  windows  at  the  light-cabin,  the  dynamo 
should  be  sufficiently  strong  to  light  four  lamps  at  once. 

The  Peesident  said  lamps  had  been  lighted  by  an  incandescent 
platinum  wire,  which  he  had  seen  in  use  at  the  Wist  Riding  colliery  and 
at  Bolsover  colliery. 

.Mr.  Lupton  said  he  showed  an  electric  lighting  apparatus  some  years 
ago  at  one  of  his  lectures  ;it  the  Yorkshire  college.  The  light  was  obtained 
by  means  of  platinum  wires  and  a  continuous  current.  Some  years  were 
spent  in  improving  the  apparatus,  and  he  understood  it  was  now  being 
introduced  largely  at  collieries.  That  apparatus  would  light  any  kind  of 
oil  in  a  lamp.  There  were  many  advantages  in  the  use  of  electricity, 
beyond  the  economy  of  time  and  oil.  He  liked  Mr.  Best's  apparatus  as 
it  used  a  dynamo  instead  of  a  battery.  When  a  secondary  battery  was 
used  for  the  purpose,  there  was  electric  force  always  present  in  the  battery. 
and  many  ingenious  devices  had  to  be  used  to  prevent  sparking  when  the 
lamp  was  connected  to  the  battery.  In  the  Best  apparatus  there  was  no 
electric  force  until  the  lamp  had  been  attached  and  the  handle  turned. 
which  was  an  element  in  favour  of  the  dynamo  as  against  the  primary  or 
secondary  battery  when  used  for  relighting  lamps  in  the  mine. 

The  President  asked  Mr.  Thirkell  if  he  could  give  information  as  to 
the  life  of  the  different  parts  of  a  lamp? 

Mr.  Thirkell  said  lie  should  be  pleased  to  do  so  at  the  next  meeting. 
Mr.  Xevin  proposed  a  vote  of  thanks  to  Mr.  Best.  If  safety-lamps 
could  be  lighted  one  at  a  time  at  the  window  as  they  were  given  out, 
instead  of  being  lighted  an  hour  and  a  half  before  they  were  given  out,  it 
would  be  a  great  gain.  Whether  the  Chapman  and  Graham  apparatus 
was  better  than  the  platinum-wire  process  was  a  question  which  would 
have  to  be  decided  by  results. 

Mr.  Nash  seconded  the  motion.  There  was  no  doubt  that  lighting 
lamps  by  electricity  on  some  safe  method  would  be  most  useful.  The 
Baving  of  time  and  labour  would  be  considerable  by  the  use  of  an  apparatus 
for  lighting  lamps  one  or  two  miles  in-bye,  and  with  safety.  Many  men 
would  be  kept  at  work  who  otherwise  would  have  lost  many  hours  of 
valuable  time. 

The  resolution  was  carried,  and  was  briefly  acknowleged  by  Mr.  Best . 


The  annual  dinner  was  afterwards  held  at  the  King's  Head  Hotel. 
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MIDLAND    INSTITUTE   OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 

Held  at  the  Royal  Victoria  Hotel,  Sheffield, 

August  26th,  1893. 


Mr.  W.  E.   GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  confirmed. 


The  following  gentlemen  were  elected  Members  of   the  Institute, 
having  been  previously  nominated : — 

Mr.  William  Best,  Engineer,  Morley,  near  Leeds. 

Mr.  Percy  C.  Greaves,  Mining  Engineer,  Wakefield. 

Mr.  Robert  Wormald,  Mining  Student,  Barrow  Collieries,  Barnsley. 


The  President  read  his  inaugural  address  as  follows : — 
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PRESIDENTIAL  ADDRESS. 


By  Mr.  W.  E.  GARFORTH. 


My  first  duty  is  to  express  my  thanks  for  the  compliment  you  have  paid 
me  by  re-electing  me  your  President  for  the  ensuing  year.  I  trust,  with 
a  continuance  of  your  help,  that,  together,  we  may  increase  the  usefulness 
of  this  [nstitute.  Under  the  circumstances  of  my  re-election  I  have 
presumed  you  will  not  expect  the  usual  presidential  address,  but,  in  the 
absence  of  other  papers  which  the  Council  expect  will  be  shortly  sub- 
mitted by  certain  members,  I  beg  to  offer  the  following  remarks : — 

At  a  previous  meeting  I  drew  attention  to  the  fact  that  mining 
engineers  and  colliery  managers  had,  by  their  skill  and  ingenuity,  been 
able  to  produce  (under  greater  difficulties  as  regards  increased  depth  from 
the  surface,  and  with  the  coal-face  a  longer  distance  from  the  shaft)  an 
output  of  coal  e  mal  to  the  demand,  and  indee  I  as  regards  profits  probably 
in  excess  of  it.  A  large  number  of  inventions  in  electrical  appliances 
and  mechanical  arrangements  had  been  rendered  applicable  to  mining 
operations.  And  that  an  ingenious  arrangement  for  detecting  small  per- 
centages of  fire-damp  had  been  invented  within  the  past  year. 

But  whilst  we  had  reason  to  congratulate  ourselves  on  these  improve- 
ments, we  had  again  to  deplore  serious  loss  of  life  from  colliery  explosions. 
The  most  recent  disaster  had  occurred  within  the  last  few  weeks  at  a  West 
Yorkshire  colliery,  resulting  in  the  loss  of  130  lives.  I  therefore 
ventured  to  suggest  that  the  various  societies  forming  the  Federated 
Institution  of  Mining  Kngineers  should  make  an  attempt  to  collect  infor- 
mation from  those  members  who  had  special  experience  in  recovering  a 
mine  after  an  explosion,  with  the  view  of  judging  whether  a  comparison 
of  their  individual  experiences  would  show  them  to  be  sufficiently  alike 
on  certain  points,  and  whether  one  would  he  able  to  formulate  a  code  of 
rules  for  the  guidance  of  those  who  might,  in  the  future,  he  unexpectedly 
called  upon  to  render  assistance  after  a  colliery  explosion. 

We  all  know  that  the  subject  of  colliery  explosions  has  occupied  the 
attention  of  the  most  scientific  and  experienced  men  of  this  and  other 
countries  for  the  last  century.  The  result  has  been  to  place  before  the 
mining  world  a  full  and  detailed  account  of  the  cause  of  many  of  these 
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accidents.  Conclusions  have  been  drawn  from  such  accounts,  and 
remedies  suggested  which  have  been  the  means  of  preventing  many 
explosions  which  otherwise  might  have  taken  place. 

At  the  same  time,  I  have  never  seen  a  detailed  description  of  the 
means  which  have  been  adopted  for  recovering  a  pit  after  an  explosion, 
especially  as  regards : — 

(a)  How  the  survivors  were  rescued. 

(b)  The  advisability  of  using  certain  portions  of  the  return  airway. 

(c)  The  precautions  taken  to  prevent  a  second  explosion. 

(d)  The  systematic  use  of  the  anemometer  and  regular  reports  of 

the  air-currents  under  the  altered  conditions  consequent  on 
the  doors,  air-crossings,  etc.,  being  destroyed.  The  use  of 
small  ventilating  fans  and  engines  for  driving  and  arrange- 
ment of  wooden  foundations  for  same,  in  order  to  obtain  as 
quickly  as  possible  a  sufficient  quantity  of  air  to  assist  the 
explorers. 

(e)  The  means  taken  to  extinguish  standing  fires  at  long  distances 

in-bye. 
(/)  The  organization  of  search  parties  with  a  view  of  not  having 

too  many  explorers  in  the  pit  at  one  time. 
(rj)  The  best  means  of  sending  along  the  roads  and  up  the  shaft 

the  bodies  of  those  killed,  especially  in  cases  where  the  same 

have  been  lying  in  the  pit  some  days  or  weeks  after  the 

explosion. 
(h)  Arranging  for  the  removal  of  the  debris,  for  instance  where 

the  road  has  been  broken  down  to  a  great  height,  it  may 

prove   advantageous   to   raise   it   generally  throughout  by 

allowing  the  heavy  falls  to  fill  up  those  places  where  no 

falls  have  taken  place,  thereby  saving  stone  and  dirt  being 

sent  to  the  surface. 
(i)  The  use  of  air-pipes  over  falls  of  roof  instead  of  brattice-cloth, 

which  latter  cannot  be  made  tight  over  debris  or  a  high  fall, 

even  with  the  most  careful  stitching. 
(j)  Re-opening  of  the  pit  for  regular  work  as  expeditiously  as 

possible. 

(k)  Other  matters  of  detail  as  to  restoratives,  etc. 

I  can  understand  that  if  colliery  explosions  had  been  of  more  frequent 

occurrence  some  better  arrangements  than  those  now  ordinarily  made 

would  many  years  ago  have  been  suggested.    Happening  so  rarely,  and  each 

colliery  where  an  accident  happens  being,  as  the  newspapers  say,  "con- 


194  PRESIDENTIAL    ADDRESS. 

sidered  the  safest  pit  in  the  district,"  the  manager  prefers  to  turn  his 
attention  to  the  prevention  of  ordinary  accidents  rather  than  trouble 
himself  with  matters  which  are  dependent  on  an  explosion  which  may 
never  occur.  It  is  also  recognized  that  no  two  pits  are  exactly  alike, 
owing  to  the  position  of  faults,  the  shape  of  the  coal-field,  etc. 

The  foregoing  arc  probably  some  of  the  reasons  connected  with  the 
present  unsatisfactory  state  of  affairs,  which  many  of  you  are  aware  may 
be  briefly  described  as  follows  : — 

On  hearing  of  an  explosion  at  a  neighbouring  pit,  there  is  a  general 
rush  to  render  assistance.  Arriving  at  the  colliery,  it  is  found  that  the 
manager  and  other  officials  are  in  the  mine.  No  other  person  connected 
with  the  colliery  likes  to  say  what  is  being  done  except  that  the  return- 
airway  s.  are  being  carefully  watched  and  noted.  No  plan  or  section  of 
the  workings  is  visible.  Considering  that  some  of  the  would-be 
explorers  are  connected  with  neighbouring  collieries  it  would  not  be 
reasonable  to  expect  that  the  working-plan,  showing  the  boundary  of  the 
coal-field  and  other  private  information,  should  be  open  for  general 
inspection.  Consequently,  nothing  can  be  done  until  the  manager 
returns  to  the  surface,  except  conjecture  as  to  the  loss  of  life  and  the 
possibility  of  existing  fires. 

When  the  manager  appears  he  is  probably  exhausted  by  his  exertions, 
distressed  at  the  loss  of  life,  and  perplexed  as  to  the  cause  of  the  explosion. 
With  the  help  of  a  board  and  piece  of  chalk  he,  however,  endeavours  to 
show  the  main  roads  in  the  pit,  etc.  With  such  slight  information  the 
mining  engineers  and  colliery  officials,  who  have  volunteered  to  help,  are 
often  asked  to  take  the  responsibility  of  closing  the  mine,  leaving  the 
bodies  unrecovered  or  otherwise  incurring  serious  responsibilities.  If 
their  advice  does  not  prove  entirely  satisfactory,  they  are  subjected  to  a 
large  amount  of  public  criticism  and  sometimes  severe  censure.  In  addition 
there  may  be  large  claims  under  the  Employers'  Liability  Act. 

With  the  view  of  seeing  whether  any  improvement  can  be  made  on 
the  present  state  of  affairs,  I  have,  at  the  request  of  several  members  of 
this  Institute,  promised  to  give  at  a  future  meeting  the  result  of  my  own 
experience.  In  the  meantime  I  beg  to  suggest,  for  the  consideration  of 
members  of  the  Federated  Institution  of  Mining  Engineers  : — 

1. — That  a  skeleton  plan  of  the  underground  workings  should  be 
prepared  giving  the  direction  of  the  main  intake  ami  return-airways,  the 
crossgates  and  working-places  and  the  various  splits  of  air,  but  without 
showing  the  bearing  of  the  same  with  respect  to  the  surface  ;  and  a  sect  ion 
of  the  pits,  if  more  than  one  mine  is  worked  from  the  same  pair  of  shafts. 
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The  plan  and  section  should  be  kept  in  a  convenient  place  in  the  office 
ready  for  immediate  reference  and  known,  not  only  to  the  manager  but, 
in  case  of  his  death,  to  some  one  connected  with  the  office. 

2. — A  chart  or  system  of  recording  the  various  ventilating  currents 
should  be  adopted. 

3. — If  the  cages  in  both  pits  are  damaged,  an  arrangement  of 
pulleys  or  appliances  for  getting  into  the  pits  should  be  provided. 

4. — Other  suggestions  might  be  made  which  would  exceed  the  limits 
of  this  address,  but  which  should  be  carried  out  or  decided  upon  daring 
the  ordinary  working  of  the  colliery  and  not  left  to  the  time  of  excite- 
ment which  usually  follows  an  explosion. 

I  can  fancy  that  those  gentlemen  who  have  never  passed  through  the 
sad  experience  following  an  explosion,  and  who  have  taken  every  possible 
precaution  to  avoid  one,  may  say  that  my  propositions  are  unnecessary, 
and  that  there  is  at  the  present  time  too  much  red-tapeism  and  too  many 
restrictions  in  carrying  out  the  several  Acts  of  Parliament  relating  to 
colliery  management.  My  answer  is  that  it  is  generally  the  unexpected 
which  happens. 

I  may  also  explain  that  my  propositions  cannot  possibly  do  any  harm, 
financially  or  otherwise  ;  they  may,  on  the  contrary,  be  the  means  of  in- 
creasing the  standard  of  efficiency.  If  members  in  coal-mining  districts 
which  have  been  subject  to  colliery  explosions,  would  give  the  benefit  of 
their  experience  to  members  in  other  districts,  hitherto  free  from  such 
disasters,  but  in  which  difficulties  may  arise  consequent  on  deeper  mines 
being  worked,  it  would,  I  think,  add  another  advantage  to  those  already 
gained  by  the  federation  of  mining  institutes. 

In  former  times  explosions  were  generally  caused  by  accumulations  of 
fire-damp,  and  the  roadways  of  the  pit  were  often  formed  in  solid  coal. 
In  recent  years  some  colliery  explosions  have  been  rendered  more  destruc- 
tive by  coal-dust,  and  owing  to  the  roadways  being  made  through  goaf 
with  the  roof  resting  for  long  distances  on  timber,  the  falls  have  been  more 
extensive  and  difficult  to  penetrate  after  the  timber  has  been  displaced  by 
the  blast  than  in  roads  with  coal  sides. 

As  coal  is  worked  at  greater  depths,  pillars  of  coal  will  not  be  left, 
owing  to  the  superincumbent  weight,  consequently  a  larger  area  of  coal 
will  be  worked  from  the  same  pair  of  shafts,  and  for  obvious  reasons  the 
collieries  will  be  of  greater  magnitude,  and  therefore  more  difficult  to 
recover  after  an  explosion. 

Statistics  show  that  explosions  previous  to  1860  resulted  in  2*98  lives 
being  lost  per  explosion  ;  and  since  that  time  the  loss  has  been  at  the  rate 
of  6*25  lives  per  accident. 
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In  conclusion,  I  think  an  attempt  should  be  made  to  establish  rules  in 
the  way  suggested.  If  we  do  not  succeed  the  discussion  may  at  least  have 
benefited  some  members.  For  instance,  if  they  meet  at  the  scene  of  an 
explosion,  which  is  not  unlikely,  then  the  interchange  of  ideas  which  has 
taken  place  at  a  meeting  of  the  Institute  may  be  the  means  of  Baving  time, 
when  a  few  minutes  are  of  vital  importance. 

If,  from  a  large  number  of  facts  and  the  practical  experiences  which  I 
hope  we  shall  succeed  in  obtaining  from  the  various  members  in  the 
districts  covered  by  the  Federated  Institution  of  Mining  Engineers,  we 
can  frame  a  set  of  rules  (to  be  bound  in  the  form  of  a  small  pocket-book 
ready  for  instant  use),  then  I  believe  we  shall  have  carried  out  a  scientific 
work  and  done  something  to  help  future  generations  in  the  difficulties  they 
will  have  to  encounter. 


Mr.  A.  M.  Chambers  thought  it  would  be  the  feeling  of  the  meeting 
that  they  should  pass  a  vote  of  thanks  to  the  President  for  his  address. 
The  suggestions  that  he  made  were  worthy  of  consideration,  and  he  hoped 
they  would  have  the  consideration  of  every  member  of  the  Institute.  He 
had  great  pleasure  in  proposing  a  hearty  vote  of  thanks  to  the  President. 

Mr.  G.  B.  Walker  seconded  the  motion.  None  of  them  knew  when 
they  might  have  the  terrible  task  of  assisting  at  some  such  accident  as 
had  happened  from  time  to  time  in  the  district.  He  had  himself  felt 
very  strongly  the  force  of  what  the  President  had  said,  that  these  things 
were  regarded  as  unlocked  for  and  unexpected,  and,  when  the  time 
came,  preparations  were  not  made  for  them,  and  much  valuable  time  and 
many  valuable  lives  might  be  lost  in  consequence.  The  President's  sugges- 
tion was  worthy  the  attention  of  all  of  the  Federated  Institutes.  He 
trusted  the  address  might  have  the  result  the  President  hoped  for — the 
formulation  of  rules  which  would  prove  of  value  in  the  future. 

The  motion  was  carried  unanimously. 

The  President,  in  reply,  said  he  hoped  before  twelve  months  had 
elapsed  that  they  would,  by  written  communications  or  by  discussion,  be 
able  to  formulate  and  agree  upon  some  rules. 


Mr.  L.  DOBINSOE  read  the  following  paper  on  "The  Victoria  Friction- 
clutch  *"  : — 
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THE  VICTORIA  FRICTION-CLUTCH. 


By  L.  DOBINSON. 


In  response  to  the  President's  request,  the  author  has  pleasure  in 
describing  the  friction-clutch  now  in  use  at  Parkhill  colliery.  The 
author  would  like  other  members  of  the  Institute  who  have  friction- 
clutches  in  use,  to  describe  them  with  drawings,  and  thus  the  Transactions 
would  truly  become  a  book  of  reference  on  this  very  important  part  of 
mining  machinery. 

The  friction-clutch  to  which  the  author  refers  is  now  known  by  the 
name  of  the  Victoria  friction-clutch.  The  wheel  a  (Figs.  1,  2,  and  3,  Plate 
VIII.)  is  of  the  ordinary  type,  having  a  tapered  trod,  with  an  inclination 
of  about  1  in  5  ;  the  surface  on  which  the  rope  works  is  covered  with 
removable  steel  segments  b,  h  inch  thick,  to  save  the  wheel-trod  from 
wear  ;  the  steel  segments  last  an  indefinite  time  ;  some  have  been  about 
four  years  at  work,  and  during  that  time  subject  to  the  wear  of  a  plough- 
steel  |  inch  rope,  running  constantly,  either  pumping  or  coal-hauling, 
with  little  or  no  signs  yet  of  needing  repairs.  The  rope  leads  on  to  the 
wheel  at  the  side  of  the  greater  diameter,  and  off  at  the  smaller  diameter, 
thus  fleeting  easily,  working  smoothly,  and  doing  the  rope  less  harm, 
perhaps,  than  any  other  wheel  for  the  same  amount  of  frictional  power 
secured. 

In  this  class  of  wheel,  the  number  of  turns  or  laps  of  the  rope  on  the 
wheel  can  be  increased,  until  the  necessary  friction  is  secured  ;  a  method 
of  obtaining  additional  friction  which  is  difficult  to  affect  with  an  ordinary 
C-pulley,  owing  to  the  fact  that,  if  too  much  rope  be  put  on,  the  leading 
rope  crosses,  becomes  fast,  and,  if  not,  it  always  has  a  tendency  to  squeeze, 
and  cause  damage  to  the  rope  as  it  leaves  the  wheel,  by  climbing  up  the 
steep  and  inclined  flanges,  and  forcing  the  coils  very  tightly  down  into  the 
centre  of  the  wheel.  The  C- wheel  for  light  work,  where  few  turns  are 
required  to  secure  friction  to  work  the  load,  is  as  good  as  any,  but  where 
friction  is  demanded,  and  more  turns  of  the  rope  round  the  wheel  are 
required,  then,  in  the  author's  opinion,  the  wheel  with  a  tapered  steel- 
lined  trod  is  the  best,  having  the  whole  width  between  the  flanges  avail- 
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able  to  receive  rope  without  any  further  increase  in  the  diameter  of  the 
wheel,  than  the  inclination  agreed  upon  (1  in  5).  When  the  steel  lining 
is  worn  out,  or  thereabouts,  it  can  easily  be  renewed,  and  thereby  retain 
the  wheel  as  good  as  when  new. 

The  fractional  ring  (Fig.  4)  fits  into  a  circular  friction-pan  s,  formed 
on  the  wheel  (Fig.  5),  and  is  kept  in  its  place  by  two  semi-circular  plates 
(c)  studded  to  the  wheel  when  in  working  position. 

The  driver  (d),  being  a  through  or  double  driver,  takes  hold  of  the 
frictional  ring  at  opposite  sides  of  the  shaft,  and  thereby  carries  it  beau- 
tifully round,  independently  of  the  wheel  when  not  in  use. 

The  circular  friction-pan  is  lined  with  steel  or  other  suitable  lining  (e), 
in  order  to  have  a  surface  as  hard  as  possible,  so  that  the  wear  is  reduced 
to  a  minimum,  and  saving  the  wheel  from  destruction.  When  the  wheel 
is  put  into  motion  two  wedges  (/)  on  opposite  sides  of  the  main  driving- 
shaft,  and  at  right  angles  to  the  drivers,  are  forced  in,  thereby  distending 
the  ring  and  pressing  its  surface  against  the  surface  of  the  pan  and 
driving  it  round  together  as  one  body.  To  ensure  the  perfect  working 
of  the  wedge  it  is  made  with  a  projection  on  each  side,  and  the  driving 
ring  is  recessed'  to  the  same  extent  to  receive  the  wedge  ;  hence  there  is 
no  fear  of  its  tilting,  and  the  wedge  is  reliable  in  its  action. 

The  parts  of  the  ring,  which  receive  the  wedges  are  deepened  to  make  the 
travel  of  the  wedge  as  long  as  possible,  thus  preventing  to  a  great  extent 
the  changing  of  wedges  and  bolts,  simply  requiring  the  lengthening  of 
the  bolt  by  screwing  it  out  a  turn  or  part  of  a  turn  to  keep  the  wedge  up 
to  its  work.  As  the  frictional  ring  wears,  the  wedge  of  necessity  must  be 
forced  further  to  distend  the  ring  firmly  against  the  smooth  surface  of 
the  rigid  pan.  Both  the  openings  of  the  rings  and  the  wedges  are 
inclined  similarly,  so  that  any  advancement  of  the  wedges  has  a  telling 
effect  on  the  distension  of  the  ring,  and  being  distended  by  two  wedges  it 
is  soon  in  and  out  of  gear,  as  may  be  desired  by  the  operator.  The 
wedges  are  actuated  by  a  sleeve  (//)  on  the  driving  shaft,  an  adjustable 
bolt  connecting  them  ;  this  bolt  must  be  capable  of  elongation  to  meet  the 
wear  of  the  frictional  ring.  If  the  sleeve  be  up  its  distance,  and  the 
wedges  have  not  inserted  themselves  sufficiently  into  the  two  openings  of 
the  ring,  then  the  bolt  (h)  must  be  lengthened  without  removal  and 
consequent  loss  of  time.  To  obtain  this,  the  bolt  has  a  swivel  (/),  slot 
joint  and  screw  with  box.  The  lengthening  or  shortening  is  accom- 
plished simply  by  Bcrewing  the  bolt  out  or  in  as  required,  instead  of 
as  formerly  by  the  removal  of  the  bolt  altogether. 

When  the  wedge  is  forced  home,  that  is  to  say,  against  the  rigid  pan, 
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and  the  bolt  as  far  out  the  coupling  box  as  it  will  allow,  then  the  wedge 
must  be  changed  for  a  wider  one,  and  so  on  until  the  frictional-ring  is 
worn  out,  or  becomes  so  thin  as  to  be  unreliable,  when  a  new  frictional  ring 
and  smaller  wedges  are  substituted. 

The  wear  is  so  slight  that  the  wedges  last  in  regular  work  several 
months.  The  sleeve  is  moved  backward  and  forward  on  the  driving  shaft 
by  a  pair  of  arms  (k)  keyed  to  a  weigh-bar.  This  bar  is  turned  to 
the  right  or  left  (in  and  out  of  gear)  by  the  attendant  as  required.  When 
the  wedges  are  drawn  back  and  the  friction  taken  off,  the  frictional-ring 
is  carried  round  by  the  drivers  (fitting  into  a  recess  in  the  ring)  without 
moving  the  wheel,  when  other  wheels  are  kept  going  on  the  same  driving 
shaft.  There  are  four  such  wheels  as  the  one  described  working  on  the 
main  driving-shaft  at  Parkhills  colliery,  any  one  of  which  may  go  whilst 
the  others  are  standing.  If  the  attendant  be  careful  only  to  put  sufficient 
friction  on  to  work  the  usual  load,  then  immediately  when  more  weight  is 
applied,  either  by  design  or  accident,  the  frictional  ring  surges  and  the 
wheel  stands,  hence  the  ropes  and  tubs  are  saved  from  damage,  or  any  undue 
strain  ;  for  instance,  should  the  tubs  get  off  the  road,  or  a  fast  clam,  or  any 
other  accident  by  which  a  fast  hold  may  be  caused,  the  surging  of  the  ring 
is  a  safeguard  against  damages  of  a  costly  nature  and  stoppages  to  coal-work. 
This  if  attended  to  is  very  beneficial,  and  the  importance  of  it  should 
be  pressed  upon  the  person  in  charge  of  the  machinery.  As  in  starting 
the  ropes  and  load  it  takes  considerably  more  friction  to  overcome  the 
inertia  and  get  the  load  into  motion  than  it  takes  when  the  speed  is 
secured  to  keep  it  going,  the  attendant  should  reduce  the  friction 
until  he  has  just  sufficient  left  to  keep  it  nicely  going,  then  if  anything 
occurs  on  the  roads  the  wheel  stops,  and  the  attendant  knows  there  is 
something  wrong  before  any  serious  damage  is  done  either  to  ropes  or  to 
other  rolling  stock. 

The  friction-clutch  can  be  seen  on  any  working  day,  driving  about 
3,500  yards  of  rope,  two  three-throw  pumps  with  4  inches  and  3  inches 
plungers  respectively,  and  with  vertical  heads  of  300  feet  and  91  feet, 
also  hauling  coal.  Full  and  empty  tubs,  ropes,  and  pumps,  are  equal  to  a 
force  of  6  tons  on  the  periphery  of  the  frictional  surface.  The  author 
considers  this  a  reliable  friction-clutch  for  heavy  work,  and  is  thoroughly 
satisfied  with  its  working.  The  total  "weight  of  the  mass  in  motion  is 
about  40  tons.  The  above  described  frictional  mechanism  may  be 
employed  for  driving  purposes  other  than  hauling  wheels  where  it  is 
re  mired  to  intermittently  or  continuously  transmit  motion.  The  wheel 
and  clutch  being  made  in  two  halves  facilitates  the  conveying,  removing 
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from  off  tin'  shaft,  and  fixing  when  renewals  are  re  juired,  without  disturb- 
ing any  other  wheel  on  the  same  shaft;  also  being  constructed  in  that 
manner  it  lessens  the  weight  for  the  workmen  to  handle,  and  thereby  in- 
creases the  safety  of  the  operation. 


The  President  said  he  had  great  pleasure  in  proposing  that  the  best 
thanks  of  the  Institute  be  given  bo  Mr.  Dobinson  for  the  trouble  and  time 
that  he  had  given  to  the  preparation  of  the  paper. 

Mr.  Greaves  had  greal  pleasure  in  secon  ling  the  vote.  He  had  seen 
the  friction-clutch  and  considered  that  it  worked  very  well. 

The  motion  was  carried  unanimously. 

Mr.  W.  Eoole  Chambers  asked  how  long  it  took  to  throw  the 
friction-clutch  in  and  out  of  gear? 

Mr.  Dobinson  said  it  took  three  or  four  seconds. 

The  President  asked  what  the  gradient  was,  and  whether  the  road 
was  an  undulating  one  ? 

Mr.  DoBINSON  said  some  parts  of  the  road  were  undulating,  hut,  be- 
yond a  certain  point,  the  whole  of  the  strata  bent  heavily  down  towards 
a  200  yards  rise  fault,  and  for  a  length  of  500  yards  the  road  dipped  ai 
the  rate  of  1  in  t*3.  In  another  branch,  worked  by  the  same  friction 
wheel,  bhe  gradient  was  1  in  13  against  the  load. 

The  President  said  he  had  seen  the  friction-clutch  at  work.  With 
the  ordinary  clutch  it  sometimes  took  three  turns  before  they  got 
the  slightest  movement,  and  at  the  fourth  turn  they  got  a  sudden  move- 
ment, but  there  was  nothing  of  the  kind  in  this  clinch,  the  moment  the 
wedges  were  taken  out  the  apparatus  began  to  act  and  worked  smoothly. 

Mr.  Dobinson  said  he  thanked  the  members  for  their  vote  of  thanks. 
lie  would  be  pleased  to  show  the  friction-clutch  at  work  bo  any  member 
who  desired  to  see  it. 


On  the  motion  of  Mr.  A.  M.  Chambers,  and  seconded  by  Mr.  Ot.  B. 
Walker,  a  vote  of  thanks  was  accorded  to  the  President,  who  briefly 
replied,  and  closed  bhe  meeting. 


To  illustrate  1/RL.Dobinson.s  Paper  on"The  Victoria,  Friction -clutch" 


lot.  VI.  f/.Ai t:\TII. 


F.G.+. 


-  I  dirt 


Voi  xiti  i-i.  in  .xmi 
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MIDLAND   INSTITUTE    OF   MINING,   CIVIL,    AND 
MECHANICAL  ENGINEERS. 

GENERAL     MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  October  21st,  1S93. 


Mr.  W.  E.  GARFORTH,  President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting;  were  read  and  confirmed. 


The   following  gentlemen   were  elected  Members  of  the  Institute, 
having  been  previously  nominated  : — 

Mr.  Arthur  Britton,  Colliery  Surveyor,  Wigan. 

Mr.  John  Gill,  Manager,  Lofthouse  Colliery.  Wakefield. 

Mr.  J.  Herbert  Hollings,  Colliery   Manager,  W.ith  Main  Colliery,  near 

Rotherham. 
Mr.  Isaac  Jones,  Mining  Engineer,  Wynnstay  Collieries,  Ruabori. 
Mr.  Alf.  Pearson,  Civil  and  Mining  Engineer,  Dukinficld,  near  Manchester. 
Mr.  John  Frederick  Robinson,  Mechanical  Engineer,  Elland. 
Mr.  Wm.  Gilbert  Robinson,  Mechanical  Engineer,  Elland. 
Mr.  Robert  Rowand,  Mining  Engineer,  Wakefield. 


Mr.  A.  W.  Bennett  read  the  following  paper  on  "  The  Best  Means 
of  Conveying  Electric  Energy  in  a  Fiery  Mine  "  : — 
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THE  BEST  MEANS  OF  CONVEYING  ELECTRIC  ENERGY 
IN  A  FIERY  MINE. 

By  A.  W.  BENNETT. 

The  use  of  electrically  worked  plant  and  apparatus  having  now  become 
so  general  at  collieries  and  elsewhere,  it  appeared  to  the  writer  that  the 
subject  of  the  conveyance  and  distribution  of  electric  energy  mighl  be 
one  worth  considering  in  itself,  without  going,  for  the  time  being,  into 
details  of  the  plant,  apparatus,  etc.,  used  to  convert  energy  to  and  from  its 
electric  form;  the  more  especially  as  he  lias  scon  suggestions  and  even 
practical  applications  of  such  means  of  conveying  the  electric  current  which 
might  endanger  a  mine  where  explosive  gas  is  nivscnt. 

As  will  be  surmised,  this  remark  applies  but  little  to  the  applications 
of  electric  energy  for  signalling  and  telephony. 

Here  the  chances  of  danger  from  any  source,  either  shocks  or  explo- 
sions, are  infinitesimal  if  they  exist  at  all  :  whilst  the  apparatus  tonus 
a  very  useful  and  inexpensive  adjunct  to  the  safe  working  of  a  colliery. 
Just  a  word  may  be  said  in  passing  as  to  the  running  of  the  wires,  which 
are  usually  ofbare  galvanized  iron,  placed  on  suitable  insulators  to  keep  them 
close  to  the  top  or  side  walls  of  a  road  to  be  out  of  the  way,  yet  kept  clear. 
To  work  the  bells,  etc.,  with  economy  and  certainty,  where  part  of  a  battery 
circuit  should  have" a  high  electric  resistance,  care  should  be  taken  both 
in  the  matter  of  connecting  up  and  insulating  of  the  wins,  and  keeping 
them  as  free  from  dirt  and  water  as  possible  by  reasonably  frequent  clean- 
ing, to  prevent  waste  of  battery  power  and  failure  of  bells  to  ring. 

Coming  to  the  applications  of  electric  energy  for  lighting  and  transmis- 
sion of  power,  let  us  take  first  the  safety  question, for  however  economical  a 
•in  may  be.  a  mining  engineer  might  well  pause  before  recommending 
it,  if  there  was  even  a  remote  chance  of  its  bringing  a  new  and  serious 
source  of  danger  into  a  mine.  The  writer's  opinion  is  that  to  take  small 
wires  unprotected  into  a  fiery  mine  and  send  a  considerable  electric  current 
through  them,  they  being  in  a  place  where  they  may  get  broken  by  falls 
or  accidents  or  mischief,  is  tantamount  to  taking  ordinary  Inciter  matches 
into  the  pit.  But  if  we  could  enclose  the  matches  (as  we  do  our  light 
in  the  ordinary  safety-lamp),  so  that  eithei  they  cannot  get  ignited,  or  if 
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they  do  ignite,  cannot  communicate  flame  or  heat  sufficient  to  ignite  the 
outside  air,  the  objections  on  that  score  would  be  overcome.  The  writer 
maintains  that  this  can  be  done  with  electric  wires  rendering  them 
perfectly  safe,  or  at  least  scarcely  more  dangerous  than  a  good  safety-lamp 
if  as  much  so. 

As  to  the  means  of  doing  this  the  following  precautions  may  be 
suggested  :— 

1.  The  employment  of  competent  men  to  run  the  wires  and  do  all 
the  responsible  work,  and  every  part  of  the  apparatus  should  be  tested  for 
continuity  and  insulation  from  time  to  time  after  completion  of  fixing. 

2.  The  wires  and  cables  (stranded  wires)  should  have  a  covering  of 
some  good  and  lasting  insulating  material  to  prevent  contact  between 
wires,  leakage  to  earth  of  the  electric  current,  and  corrosion  of  wires. 
The  substance  which  has  proved  itself  far  ahead  of  all  others  for  flexibility 
and  resistance  to  deterioration  is  indiarubber,  as  applied  by  the  principal 
wire-coverers  of  to-day ;  namely,  two  coats  of  rubber,  one  pure  and  one 
vulcanized,  are  wrapped  on  the  wire,  then  rubber-coated  tape,  and  the 
whole  being  vulcanized  into  one  mass  without  cracks  or  fissures  by 
heating.  The  wires  are  then  tested  after  24  hours'  immersion  in  salt 
water,  guaranteed  to  give  a  certain  minimum  insulation  per  mile,  and 
covered  with  braiding,  tape,  etc.,  to  suit  requirements.  Those  with  a 
guaranteed  insulation-resistance  of  300  to  700  megohms  are  usually 
good  enough  for  colliery  purposes,  but  not  too  good  if  safety  and  dura- 
bility are  to  be  considered. 

3.  Wood -casing,  although  usual  for  buildings  and  dry  places  on  the 
surface,  is  generally  unsuitable  for  underground  work.  It  can  only  be 
tolerated  there  if  very  strong  and  thick,  and  if  hard  wood  that  will  not 
easily  crack  or  absorb  moisture  is  used.  Eound  a  downcast  pit  bottom, 
in  two  instances,  the  writer,  for  safety,  took  wires  out  of  casing  and  led 
them  on  insulators  on  the  rock-arching.  A  better  (in  fact,  the  writer 
thinks  by  far  the  best)  protection  is  to  run  the  wires  in  an  iron  pipe,  the 
two  wires  or  cables  in  one  pipe  of  sufficient  internal  diameter  to  allow 
them  to  be  separately  drawn  through  and  to  lie  loosely  in  the  pipe. 
Joints  in  the  wires  should  be  well  soldered  with  resin  not  spirits,  and 
well  covered  with  rubber  and  rubber-proof  tape,  filled  in  with  rubber  solu- 
tion, and  the  joints  and  the  ends  of  the  pipes  should  be  made  waterproof 
with  white  lead  or  equivalent  substance.  For  connecting-places,  suspen- 
sion in  shaft,  etc.,  waterproof  junction-boxes  of  malleable  cast-iron  and 
the  lid  bushed  with  indiarubber  can  be  inserted  in  the  iron  piping  at  as 
many  places  as  desired.    The  pipes  should  be  strong  enough  to  withstand 
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a  considerable  fall  of  roof  or  being  run  over  by  a  few  corves,  in  which 
case  they  could,  for  ease  and  cheapness  of  construction,  be  laid  on  one  side 

of  the  floor  of  the  road  and  carried  either  under  or  over  where  required. 

As  a  protection  for  wires  from  water,  etc.,  lead  covering  is  often 
resorted  to.  The  writer  knows  of  instances  where  this  has  worked  well, 
the  cables  being  led  in  strong  wood  casing  down  shafts,  etc. ;  and  he 
also  knows  of  cases  where  it  has  failed,  with  serious  results,  so  far  as 
expensive  renewals  being  rendered  necessary.  In  most  cases,  however, 
where  they  have  failed,  it  has  been  owing  to  a  Lower  priced  substance, 
such  as  bitumen  or  fibre  saturated  with  bitumen  being  used  instead  of 
indiarubber.  Once  a  path  is  formed  for  a  very  small  quantity  of 
current,  a  local  electrolytic  action  quickly  converts  the  lead  into  oxides, 
and  at  the  surface  exposed  to  the  air  into  carbonates,  which  fall  away 
as  a  moist  powder,  so  that  generally  the  use  of  lead  coverings  can  not  be 
recommended. 

Wires  and  cables  are  sometimes  laid  in  trough  ing  lilled  in  with  bitu- 
men, but  this,  like  the  lead  covering  and  the  concentric  cables,  does  not 
permit  of  drawing  out  for  testing  or  renewal  or  repairs,  as  a  system  of 
pipes  and  junction-boxes  does,  so  that  the  latter  system  seems  to  the  writer 
the  best.  Exception  may  be  made  in  places,  such  as  pit  bottoms,  where 
naked  lights  are  permitted  and  where  falls  of  roof  are  not  likely  to  occur. 
Here  the  wires,  covered  as  specified  above,  can  be  run  on  insulators,  any 
portions  liable  to  become  wet  being  shielded  to  keep  water  off. 

A  special  cable  (the  Atkinson*)  has  been  brought  forward  in  which  there 
is  an  auxiliary  conductor  coiled  round  the  main  one  which,  in  the  event 
of  the  cable  being  cut  or  crushed,  acts  through  an  electro-magnet  to  cut 
oil'  the  current  entirely  and  prevent  a  dangerous  arc  being  formed  in  either 
itself  or  the  main;  but,  on  the  ground  of  prevention  being  better  than 
cure,  the  writer  thinks  money  can  be  better  spent  in  thoroughly  protect- 
ing ordinaiw  cables,  so  that  they  cannot  get  broken  or  their  insulation 
destroyed.  For  shifting  machinery,  such  as  coal-cutters,  a  very  flexible 
conductor  well  covered,  in  addition  to  the  rubber,  with  jute  to  a  consider- 
able thickness,  and  coiled  so  as  not  to  be  strained,  with  just  sufficient 
length  on  the  coil  and  led  from  one  of  the  junction-boxes,  will  probably 
meet  requirements.  A  flexible  steel-sheathed  cable  might  be  used  in 
some   cases.       Motors   shotlld    be   entirely    encased,   also   lamps  as   far  as 

possible,  in  strong  lanterns  with  globes,  ami  the  attachment  of  lamps  to 
holders  should  be  made  with  lugs  and  screws  in  preference  to  the  ordinary 

*  Trans.  Fed.  But.,  vol.  Hi., page  284. 
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bayonet  socket-holders  where,  in  the  event  of  a  spring  being  or  becoming- 
weak,  heating  and  sparking  occasionally  occur. 

Though  heating  may  occur  from  having  the  wires  too  small  for  the 
current  they  have  to  pass,  it  is  not  very  frequent  that  it  is  caused  by  this 
restriction  of  size,  as  the  loss  of  energy  thereby  occasioned  greatly  exceeds 
any  benefit  that  economy  in  the  size  of  wire  may  give.  In  most  cases 
four  or  five  times  the  maximum  normal  current  at  least  could  be  passed 
through  the  wires  without  danger  of  overheating. 

Some  fire  ofiice  rules  demand  the  copper  section  to  be  1  inch  for  1,000 
amperes,  but  if  wires  be  not  coiled  up,  current  at  the  rate  of  4,000  to 
5,000  amperes  per  square  inch  can  generally  be  sent  through  wires  and 
cables  up  to,  say,  7/ 10,  and  with  very  small  wires  even  more  ;  but  with 
large  wires  and  cables  considerably  less  will  cause  heating,  so  that  the 
larger  the  cable  the  greater  allowance  for  safety  must  be  made. 

For  these  and  reasons  of  cost,  cables  should  be  kept  as  small  as  possible 
consistent  with  safe  and  economical  working.  This  appertains  in  a 
greater  degree  in  town  supplies  where  two  distinct  systems,  the  continuous 
current  low  tension  and  the  alternating  high  tension,  are  employed ; 
either  may  be  best  according  to  circumstances.  With  the  continuous,  the 
supply  is  direct  from  dynamos  to  lamps,  motors,  etc.,  and  the  voltage  for 
a  two-wire  system,  110  volts,  or  220  volts  for  a  three-wire  system. 

Collieries  are  almost  invariably  lighted  with  from  65  to  110  volts. 
For  tramways,  electric  railways,  and  for  motive  power-transmission  at 
collieries,  300  to  5UU  volts  is  most  usual. 

With  an  alternating-current  system,  the  electric  current  is  generally 
sent  through  the  cables  at  an  electromotive  force  of  2,000  volts,  and 
transformed  at  the  places  it  is  wanted  to  100  or  50  volts.  The  wires  are 
almost  invariably  led  in  iron  pipes  with  iron  junction-boxes,  and  the 
transformers  are  likewise  iron-cased.  The  low-tension  wires  only  are 
accessible  to  others  than  those  whose  business  it  is  to  look  after  the  main- 
tenance of  the  wires.  This  system  has  only  in  a  few  cases  been  applied 
to  collieries,  but  in  certain  cases,  particularly  the  transmission  of  large 
powers  for  a  considerable  distance,  it  promises  to  make  convenient,  easy, 
and  reasonable  in  cost  what  hitherto  has  been  cumbrous  and  expensive. 

To  make  the  matter  clear  to  all,  it  may  be  explained  that  the  amount 
of  energy  transmitted  varies  as  the  current  or  amperage  multiplied  by  the 
electromotive  force  or  voltage,  whilst  the  carrying  power  and  the  loss  of 
voltage  (in  volts,  not  in  proportion  of  total  voltage)  in  the  cables  is 
proportional  to  the  current  or  amperage  only,  and  is  independent  of  the 
voltage.  Hence  to  economize  in  the  size  of  cables,  high  tension  must  be 
used  in  cases  where  much  energy  has  to  go  far. 
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To  bake  an  example  or  two,  lu  horse-power  could  be  transmitted  at  a 
toss  of  20  per  cent.,  a  distance  of  1,000  yards,  as  follows  : — 

At  100  volts  by  two  37  1  1  cables,  costing  nearly  £000. 

At  500  volts  by  two  7/19  cables,  costing  L'">-'. 

At  2, mill  volts  by  two  No.  _i  wires,  costing  612. 

This  is  allowing  300  megohms  insulation  for  100  volts,  750  for  500 
volts,  and  2,o0o  for  2,000  voltB.  In  this  case,  tin-  cost  of  the  transformer 
and  extra  for  generating  dynamo  and  motor  would  render  .".on  volts  direct 
current,  the  most  economical  in  first  cost  and  probably  also  in  the  main- 
tenance. But  taking  100  horse-power  under  the  same  circumstances  the 
same  distance  with  the  same  proportion  of  loss  of  power  or  energy  in  the 
cables;  and  omitting  loo  volts  as  impracticable,  we  have; — 

At  500  volts  two  19/14  cables,  costing  6350. 

At  2,000  volts  two  7,20  cables,  costing  £45. 

Allowing  £150  for  transformers  and  extra  for  alternating  dynamo  ami 
motor,  this  would  show  £150  in  favour  of  the  2,000  volts  alternating 
system  besides  the  convenience  and  saving  in  having  smaller  cables  and 
pipes  ;  a  1  inch  gas  pipe  or  steam  pipe  would  comfortably  carry  the  two 
7/20  cables.  In  the  above  figures  the  loss  in  transformers  has  been 
included  in  the  20  per  ceut.  and  taken  at  5  per  cent. 

In  conclusion,  a  brief  reference  to  accumulators  or  secondary  batteries 
may  be  made.  For  very  light  work  in  out-of-the-way  places,  or  for  a 
power  which  can  be  taken  from  place  to  place,  a  set  of  accumulators  with 
a  motor  on  corves  or  bogies  might  be  very  handy,  and  it  is  interesting  to 
learn  that  some  now  made  (the  Epstein)  are  being  guaranteed  to  stand 
very  rough  use  and  even  frequent  complete  overturning.  At  present,  how- 
ever, their  most  promising  feature  for  mining  engineers  is  for  the  portable 
lamp,  which  is  almost  outside  our  present  subject,  and  one  which  time 
will  not  permit  us  to  refer. 

There  are  several  matters  which  the  writer  fears  he  has  not  fully 
explained,  but  the  paper  is  perhaps  already  too  long  and  he  will  be  glad 
to  explain  if  desired  to  do  SO. 


Mr.  .1.  Xkvix  said  he  had  tried  kad-covcrcd  cable  down  a  shaft,  but 
found  it  did  not  answer.  The  insulation  between  the  wire  and  the  lead 
was  not  sufficiently  good,  and  the  current  seemed  to  get  across  from  the 
wire  into  the  lead  :  in  places  the  lead  was  actually  melted,  lie  had 
taken  it  out  and  placed  indiarubber  cable  down  the  shaft. 

The  PBESIDENT  said  that  bis  experience  was  the  same. 
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Mr.  Thirkell  said  he  had  done  the  same. 

Mr.  Bennett  said  he  had  come  to  the  same  conclusion. 

Mr.  J.  Loxgbotham  moved  a  vote  of  thanks  to  Mr.  Bennett  for  his 
paper. 

Mr.  Xash,  in  seconding  the  proposition,  asked  Mr.  Bennett  if  he 
could  give  information  as  to  the  principle  on  which  the  transformer 
worked  in  reducing  a  high-tension  current  to  a  low-tension  current  ?  He 
could  not  see  how  it  acted  to  bring  it  from  2,000  to  150  volts. 

The  motion  was  put  and  carried  unanimously. 

Mr.  Bexxett  said  he  was  much  obliged  for  the  vote  of  thanks.  He 
was  extremely  gratified  to  find  that  what  he  had  said  about  lead  cables  had 
been  verified  by  members  of  the  Institute.  The  transformer  in  principle 
was  very  simple — many  of  the  members  must  have  played  with  induction 
coils,  they  must  have  seen  the  battery  without  the  coil  incapable  of  giving 
shocks,  and  have  seen  high  tension  produced  from  the  induction  coil 
capable  of  giving  shoeks.  The  transformation  took  place  in  this  way  :  a 
magnet  was  energized  by  a  current  of  electricity  being  sent  through  wire 
wound  round  it.  In  a  simple  induction-coil  the  electricity  was  sent 
through  a  small  coil  of  one  or  two  layers  of  wire  ;  a  large  current  of 
electricity  went  through  that  wire  at  low  tension.  That  current  had  but 
little  tension,  but  every  turn  of  it  increased  the  magnetic  power  of  the  iron 
round  which  it  was  wound.  Outside  that  coil  were  wound,  say,  thirty  or 
forty  layers  of  very  fine  wire.  "When  the  magnet  was  acted  upon  by  the 
making  and  breaking  of  this  primary  current,  it  acted  inductively  and 
formed  another  current  in  the  fine  wire,  and  there  being  so  large  a  number 
of  turns  in  the  wire  round  the  magnet  a  current  of  very  much  higher 
tension  was  produced  in  that  wire  than  in  the  primary.  They  had  in  a  simple 
induction-coil  a  transformation  of  low  tension  into  high  tension.  The 
transformer  was  the  same  thing  reversed — in  that  case  the  primary  current 
was  sent  a  great  many  times  through  thin  wire  round  the  magnet,  and  the 
secondary  only  a  few  times  with  the  thick  wire,  and  so  they  had  the  trans- 
formation from  a  high  to  a  low-tension  current.  The  thickness  of  the 
wire  allowed  a  much  more  powerful  current  to  be  generated  than  in  the 
high-tension  circuit. 

The  discussion  was  then  adjourned. 


Mr.  C.  Duxbar  contributed  the  following  paper  on  "  Coal-dust  in 
Mines  and  its  Relation  to  Explosions  "  : — 


•208  COAL-DUfff   IX   mini.-. 


COAL-DUST  IN  MINES  AND  ITS  RELATION  TO  EXPLOSIONS. 


By  C.  DUNBAR. 


The  author  believes  the  subject  he  has  chosen  for  this  paper  is  an 
important  one,  and  one  which  is  occupying  the  attention  of  many  inspectors 
of  mines,  colliery  managers,  and  practical  miners.  Though  many  opinions 
have  been  expressed  in  favour  of  the  theory  of  coal-dust  explosions,  and 
numerous  experiments  made  to  prove  it,  many  persons  still  doubt  the 
theory  and  continue  to  experiment. 

The  author  does  not  for  a  moment  doubt  the  right  of  these  persons  to 
their  opinions,  but  he  considers  that  the  evidence  produced  by  the 
inspectors  of  mines  and  other  eminent  gentlemen,  who,  having  made  this 
a  special  study,  declare,  after  many  careful  experiments,  that  coal-dust  has 
been  the  cause  of  several  of  the  most  disastrous  explosions  in  modern 
times,  must  be  taken  to  have  great  weight. 

In  the  opinion  of  many  of  the  objectors  to  the  coal-dust  theory,  coal- 
dust  in  hot  mines,  being  very  inflammable,  only  greatly  intensities  the 
force  of  the  explosion  for  long  distances  in  the  main  roads.  The  Messrs. 
Atkinson,  after  careful  investigation  at  some  of  the  most  extensive 
explosions  of  late  years,  found  that  at  Seaham  colliery,  which  is  a  dry  and 
hot  pit,  the  explosions  had  traversed  some  of  the  main  roads  for  a 
distance  of  7,500  yards,  kilUng  164  men  and  boys  and  lbl  horses  and 
ponies.  After  investigations  at  Tudhoe  in  1882,  Dsworth  in  1885, 
and  Elemore  in  Ism',,  experience  taught  them  that  the  whole  of  these 
explosions  were  caused  by  the  explosion  or  ignition  of  coal-dust  by  shot- 
tiring  on  the  main  or  intake  air-roads,  where  there  was  no  fire-damp 
whatever.*  The  impossibility  of  air  being  charged  with  gas  when  it 
comes  direct  from  the  downcast  shaft  without  passing  over  any  of  the 
workings  whatever,  and  the  distinctive  features  in  all  the  above 
explosions  of  the  force  and  flame  traversing  the  main  intake  airway  and 
haulage-roads,  and  not  the  return  airways.  Leaving  the  damp  or  wet  roads 
untouched  (clearly  indicating  that  there  was  nothing  in  the  damp  roads 
to  feed  the  flame  on  its  forward  motion),  convince  the  author  that  coal- 
dust  has  been  the  sole  cause  of  many  disastrous  explosions. 

*  Explosives  in  Coal-mines,  by  Messrs,  W.  N.  and  J.  B,  Atkiusou,  London,  1660. 
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Heavy  or  blown-out  shots,  large  lulls  of  root*  causing  shocks  in  these 
warm  and  dusty  mines,  easily  raise  the  dust,  which  is  naturally  of  a  high 
temperature  and  in  very  fine  particles,  into  a  cloud,  the  ignition  taking 
place  at  the  flame  from  the  shot.  The  flames  thus  started  in  their 
progress  considerably  raise  the  temperature  of  the  dust  in  front  and 
render  it  more  inflammable,  increasing  the  danger  owing  to  the  gases 
evolved. 

The  question  of  how  the  dust  is  formed  is  not  difficult  to  answer, 
and  the  author  trusts  that  the  repetition  will  be  pardoned ;  in  addi- 
tion to  the  small  dust  formed  in  the  actual  working  of  the  coal,  there 
is  the  dust  formed  in  the  cleavages  of  the  seam  from  the  dant  or 
rotten  coal  found  in  them ;  these  two  classes  at  the  face,  owing  to  the 
slowness  of  the  air-current,  are  generally  deposited  on  the  floor  ;  and  in 
the  deep  mines,  where  the  air  is  very  dry  and  moisture  is  absent,  a  fair 
accumulation  takes  place.  The  accumulations  of  coal-dust  at  the  face  are 
not  so  much  dreaded.  It  is,  however,  in  the  main  haulage-roads,  where 
a  large  quantity  of  coal  is  hauled  or  carried  and  the  air  moving  at  very 
high  velocities,  that  coal-dust  accumulates  most  and  exists  in  the  most 
dangerous  state.  For  main  haulage-roads  are  generally  the  main  intake 
airways,  and  the  air  passing  at  a  high  velocity  inward  sweeps  over  the  rapidly 
passing  train  of  corves  loaded  with  coal,  raising  as  a  cloud  the  dust  which 
is  produced  by  the  shaking  and  grinding  of  the  coal  inside  the  corves. 

As  an  example,  take  a  main-and-tail-rope  engine-plane,  where  the  speed 
of  the  tubs  is  say  6  miles  per  hour,  roughly  speaking  500  feet  per  minute 
(much  higher  speeds  are  common) ;  suppose  the  area  of  the  roadway 
is  -18  feet,  the  tubs  filling  about  10  square  feet  of  this  area,  and  if  the 
quantity  of  air  passing  is  equal  to  25,000  cubic  feet  per  minute,  its 
velocity  in  an  area  of  (48  —  10  =)  38  square  feet  will  be  about  684  feet  per 
minute.  Therefore  the  tubs  will  be  swept  by  a  current  of  air  at  a  velocity 
of  (084  +  500  =)  1,181  feet  per  minute.  The  heavier  particles  of  dust 
fall  to  the  floor,  and  the  fine  light  particles,  which  are  small  enough 
to  pass  through  the  meshes  of  a  standard  wire  gauze,  adhere  and  settle 
upon  the  roof  and  sides  and  timber. 

In  course  of  time  the  train  roads  become  covered  with  dust  along 
their  entire  length  ;  the  dust  which  is  on  the  floor  has  to  be  frequently 
removed,  as  it  fills  up  the  roadways,  while  the  dust  on  the  roof  and  sides, 
which  is  like  soot,  is  left  to  accumulate.  It  is  this  fine  sooty  part  which 
is  most  inflammable,  and  probably  becomes  more  so  the  longer  it  remains. 
On  examination  this  dust  is  found  to  have  a  brown  appearance. 

It  has  been  stated  that  1  lb.  of  this  dust  in  1(50  cubic  feet  of  air 
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forms  an  inflammable  mixture,  so  that  a  drift  with  an  area  of  48  feet 
would  require  the  disposition  of  1  lb.  of  dust  on  the  surface  of  each  '6% 
feet  of  the  Length  of  the  road;  the  author  feels  Bure  that  more  than  this 
quantity  is  present  on  the  roof  and  sides  of  main  roads,  without  includ- 
ing the  dust  on  the  floor. 

The  high  velocity  of  the  air-currents  might  be  thought  sufficient  to 
prevent  the  accumulation  of  coal-dust,  but  it  is  not  so:  it  favours  rather 
than  prevents  the  accumulation,  as  shown  above. 

In  ordinary  conditions  of  temperature  or  pressure  it  has  been  said 
that  coal-dust  and  air  cannot  explode,  but  that  lire-damp  must  be 
present  to  cause  an  explosion  (this  the  author  is  afraid  is  the  opinion 
of  a  large  number  of  practical  miners  at  the  present  time),  and  this 
is  the  theory  advanced  by  Mr.  W.  Galloway,  who  says  that  1  percent, 
of  tire-damp  in  coal-dust  and  air  is  sufficient  to  make  an  explosive 
mixture.  Sir  Frederick  Abel  says  it  requires  from  2  to  -l\,  per  cent,  to 
make  it  explosive.  These  opinions,  the  author  considers,  are  not  in  keeping 
with  the  knowledge  and  everyday  experience  gained  in  mines,  as  even 
the  larger  quantity,  2\  per  cent.,  forms  such  a  very  small  cap  on  the 
flame  of  the  safety-lamp,  that  in  practice  it  is  not  easily  detected,  so  that 
a  man  examining  a  place  with  a  safety-lamp  would  And  it  next  to  an 
impossibility  to  detect  so  small  a  quantity  as  2^  per  cent,  of  lire-damp, 
and,  further,  2^  per  cent,  of  fire-damp  and  air  is  not  an  explosive  mixture. 

llow,  then,  do  explosions  occur  if  coal-dust  is  not  the  prime  mover  ? 
The  author  agrees  with  the  above  gentlemen  that  where  there  is  an 
explosion  of  lire-damp  and  air  the  coal-dust  intensifies  it. 

In  the  author's  opinion,  where  coal-dust  and  air  are  present  in  proper 
proportions  with  the  heat  and  flame  from  a  shot,  there  will  be  an  explosion, 
and  if  fire-damp  be  present,  even  in  small  proportions,  such  as  1  per  cent. 
or  :.'.',  per  cent., an  explosion  will  be  intensified.  It  will  thus  be  seen  that 
where  much  fine  coal-dust  is  present  the  safety  or  danger  of  tiring  a  shot 
cannot  be  decided  by  simply  examining  with  a  safety-lamp  as  to  the 
presence  of  fire-damp,  but  other  considerations  must  be  taken  into 
account  before  the  safety  of  tiring  shots  in  a  certain  place  can  be  decided 
on.  Whenever  an  explosion  has  taken  place  in  any  of  the  various  ways 
mentioned  it  has  been  observed  that  the  flame  is  always  greatest  when  the 
shot  has  been  stemmed  with  coal-dust  or  coal,  more  especially  if  the  hole 
has  been  overcharged. 

The  damage  done  is  often  wry  great,  especially  in  the  intake  airways, 
where,  as  stated  before,  the  largest  and  driest  quantity  of  coal-dust  is  pre- 
sent as  well  as  the  driest  air,  yet  the  damage  done  by  the  blast  is  usually 
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found  not  to  extend  far  (probably  not  more  than  70  or  80  yards)  beyond 
the  limit  to  which  the  flame  has  reached.  This  may  be  explained  by  the 
fact  of  air  and  all  gases  being  perfectly  elastic. 

From  observations  and  a  few  experiments  which  the  author  has  made 
he  cannot  help  reiterating  his  conviction  that  coal-dust  has  been  the  cause 
of  many  an  explosion  where  shots  have  been  fired  in  dusty  roads. 

After  these  preliminary  remarks  the  author  considers  sufficient  has  been 
said  on  this  part  of  the  subject,  and  he  will  endeavour  to  show  what  he 
thinks  are  the  best  means  to  adopt  in  order  to  avoid  such  calamitous 
explosions  and  the  danger  of  coal-dust. 

A  common  practice  now  is  to  water  the  main  roads,  and  for  this  pur- 
pose water-tubs  of  various  kinds  are  used.  One  has  a  perforated  pipe 
attached  to  it,  and  is  drawn  along  behind  the  sets  of  tubs,  but  as  this 
method  only  waters  the  floor  and  leaves  the  roof  and  sides  practically  un- 
touched with  the  water  the  dust  remains  as  dangerous  as  before.  Another 
water-tub  has  been  used,  which  waters  both  roof  and  sides  by  means  of  a 
pump  fixed  inside,  and  worked  by  cranks  on  the  axles  of  the  wheels  throw- 
ing out  the  water  and  air  in  thin  sprays  from  jets  or  roses. 

Another  kind  of  tub  has  a  brush  at  one  end,  and  the  motion  of  the 
wheels  makes  the  brush  whirl  round,  causing  the  water  to  fly  out  from  its 
circumference,  and  watering  all  parts  of  the  road  alike. 

There  is  still  another  method,  viz.,  of  laying  1|  or  2  inches  pipes 
from  the  pump  column  in  the  shaft  along  the  main  road,  having  a  rose  or 
jet  fixed  on  upright  standards  attached  to  these  pipes,  and  emitting  a  con- 
stant discharge  of  thin  fine  spray  of  water  into  the  air  ;  this  is  very 
successful  in  laying  the  dust  for  a  time. 

In  all  these  methods,  however,  there  is  the  strong  objection  that  the 
water  in  most  cases  loosens  the  top  and  side  stone,  rots  the  timber,  and 
causes  the  bottom  to  lift,  thus  entailing  great  trouble  and  expense,  as  in 
the  main  roads  the  water  must  be  liberally  used,  or  the  dry  air-current 
will  soon  dry  it  up. 

Salt  has  also  been  used,  to  what  advantage  the  author  cannot  say, 
but  its  use  will  no  doubt  be  very  expensive. 

After  considering  all  the  advantages  and  disadvantages  of  the  above 
methods  the  only  practical  and  safe  method  in  dealing  with  this  danger  in 
mines  is  to  have  the  dust  removed  by  brushing  the  roof  and  sides  of  the 
main  intake  airways  at  short  periods,  say  every  six  months  ;  no  doubt  some 
expense  would  be  incurred  in  doing  this,  but  in  the  author's  opinion  this 
would  be  the  best  method  to  use,  as  the  fear  of  the  bottom  lifting  or  the 
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Bides  crumbling  and  wasting  as  they  do  when  water  has  to  he  so  often 
used  would  be  removed.  This  trouble  would  be  amply  repaid  by  the 
satisfaction  of  mind  that  all  had  been  done  to  render  the  roads  safe  so  far 
as  the  coal-dust  was  concerned. 

The  author  knows  he  has  laid  a  very  important  subject  before  the 
members,  and  trusts  that  it  will  meet  with  a  full  discussion,  as  this  cause 
and  effect  of  explosions  being  doubtless  known  to  all,  it  is  most  import- 
ant that  the  opinions  of  all  should  he  expressed  with  the  intention,  if 
possible,  of  suggesting  some  method  of  dealing  with  coal-dust  in  mines. 


Tlic  President  said  in  his  own  experience  he  found  that  it  was  im- 
possible to  get  rid  of  the  very  fine  particles  of  dust.  Using  a  brush  as 
suggested  would  cause  some  of  the  coarser  particles  to  be  reduced  to  fine 
particles,  which  would  become  lodged  in  the  interstices  of  the  roof  and 
other  places,  lie  did  not  think  they  could  possibly  get  rid  of  those  tine 
particles.  After  an  explosion  some  of  the  dust  showed  that  it  was  not 
burnt.  Of  two  particles  joining  each  other,  one  was  found  to  he  entirely 
charred  like  a  piece  of  coke  and  the  other  was  untouched.  Then  there 
was  the  question  of  dirt-dust,  and  there  was  a  great  difference  between 
dirt-dust  and  coal-dust.  It  was  found  at  Altofts  colliery  that  the  effects 
of  the  explosion  ceased  at  point>  where  the  dirt-dust  roads  commenced. 

Mr.  Xevix  moved  a  vote  of  thanks  to  Mr.  Dunbar  for  his  paper. 

Mr.  Childe  seconded  the  motion,  which  was  agreed  to. 


DISCUSSION  OX  MR.  A.  IT.  STOKES'  PAPER  OX  "A  SAFETY- 
LAMP  WITH  STANDARD  ALCOHOL-FLAME,"  ETC.* 

Mr.  Bonser  exhibited  and  described  a  Gray  Bafety-lamp  adapted  for 
ting  small  percentages  of  gas  down  to  i  per  cent.,  by  Mr.  A.  11. 
Stokes,  II. M.  Inspector  of  Mines,  by  means  of  an  alcohol-flame,  and  said 
he  would  be  glad  to  answer  any  queries  thereon  at  the  next  meeting. 

The  meeting  then  closed. 


*  Trans,  Fed.  Inst,,  vol.  v.,  page  4fi2. 
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THE  FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Rooms  of  the  Philosophical  and  Literary  Society.  Park 

Row,  Leeds,  February  14th.  1894. 

Mr.  ARTHUR  SOPWITH.  President,  in  the  Chair. 


THE  LATE  MR.  T.  W.  EMBLETON. 

The  President  mentioned  that  the  Council  had  passed  a  vote  of 
condolence  with  the  relatives  of  the  late  Mr.  T.  W.  Embleton.  Mr. 
Embleton  was  intimately  associated  with  Leeds  for  many  years.  He  was 
the  second  President  of  the  Federated  Institution  of  Mining  Engineers, 
and  they  all  remembered  the  great  interest  that  he  took  in  it,  and  how 
glad  they  always  were  to  see  him  presiding  at  their  meetings.  He  was 
quite  sure  that  the  vote  of  condolence  would  be  acquiesced  in  by  all  the 
members  with  every  expression  of  sympathy  and  respect. 


CONFERENCE  OF  DELEGATES  OF  CORRESPONDING  SOCIE- 
TIES OF  THE  BRITISH  ASSOCIATION  FOR  THE 
ADVANCEMENT  OF  SCIENCE,  NOTTINGHAM,  1893. 

The  report  of  Mr.  M.  H.  Mills,  the  delegate  of  this  Institution,  was 
read  as  follows  :— 

Chesterfield, 

February  5th,  1894. 

To  the  President  and  Council  of  the  Federated  Institution 
of  Mining  Engineers. 
Gentlemen, 
Meetings  of  the  delegates  were  held  on  September  14th  and  September  19th. 
under  the  presidency  of  Dr.  Garson. 

The  only  subject  of  any  interest  to  our  Institution  discussed  related  to  earth 
tremors,  and  this  matter  might  be  taken  up  and  a  committee  appointed  to  make 
observations. 

8 


21  I  TllAXSACTIOXS. 

The  delegates  oi  Coi  responding  Societies  of  the  Bril  isb  Association  as  al  present 
arranged  are  able  to  do  very  little  of  value,  and  those  who  this  position 

in  the  future  should  be  empowered  to  ask  for  grants  of  money  for  carrying  oul 
observations  or  experiments  connected  with  the  interests  of  the  members.    They 
might  also  make  notes  upon  papers  read  before  the  British  Association  that  may 
information  upon  subjects  in  which  mining  engineers  are  interested. 

Yours  faithfully, 

M.  li.  Mills. 


Prof.  Arnold  Ltjpton  read  the  following  paper  on  the  "Geology  of 
the  West  Yorkshire  Coal-field"': — 
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GEOLOGY  OF  THE  WEST  YORKSHIRE  COAL-FIELD. 


By  ARNOLD  LUPTON. 


It  may  be  stated  at  the  outset  that  any  description  of  the  geology  of 
the  "West  Yorkshire  coal-field  is  somewhat  like  a  magazine  story  "  To  be 
continued  in  our  next."  It  is  impossible  to  attempt  anything  like  a 
complete  account  of  the  geology  of  this  district,  even  in  outline.  It  will 
have  to  be  completed  some  time  in  the  next  century,- when  the  eastern 
boundary  of  the  coal-field  has  been  explored.  In  this  respect  the  York- 
shire coal-field  differs  from  some  others  in  this  country,  of  which  the 
boundaries  have  been  completely  traced. 

The  Irish  coal-fields  are  all  fully  exposed ;  the  boundaries  of  the  Scotch 
coal-fields  are  known  except  where  they  dip  under  the  sea :  the  boundaries 
of  the  coal-fields  of  Durham  and  Northumberland  are  only  unknown 
where  they  dip  under  the  sea  and  at  the  south-eastern  corner.  The 
explorations,  however,  that  have  been  made  on  this  side  are  not  such  as 
to  give  much  encouragement  to  further  exploration. 

The  great  coal-field  of  Glamorganshire  has  its  boundaries  accurately 
traced,  and  in  Monmouthshire  and  the  Forest  of  Dean  the  same  remark 
applies. 

The  more  centrally  placed  coal-fields,  however,  of  South  Gloucestershire, 
Staffordshire,  Warwickshire,  Leicestershire,  Cheshire,  Denbighshire,  and 
South-west  Lancashire  arc  each  unexplored  on  one  side  at  least,  the  same 
may  be  said  of  Shropshire  and  Cumberland,  whilst  the  newly-discovered 
coal-field  at  Dover  stands  unique  in  being  as  yet  unseen  by  the  eye  of  man 
and  having  no  single  boundary  known. 

It  is  by  no  means  a  risky  prophecy  to  say  that  when  the  next  century 
opens,  it  will  give  to  new  generations  ample  work  in  the  exploration 
of  those  hidden  coal-fields  which  lie  beneath  the  newer  formations. 

But  of  all  the  hidden  storehouses  of  fuel,  there  is  none  more  likely  to 
give  a  rich  return  to  the  adventurer  than  that  great  coal-field  which 
stretches  from  the  latitude  of  Leeds  on  the  north  to  that  of  Nottingham 
on  the  south. 
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The  writer  of  this  paper  had  occasion  bo  make  a  thorough  geological 
examination  of  this  coal-field  at  a  period  when  the  geological  maps  of  the 
northern  pan,  thai  is,  of  Yorkshire,  were  unpublished,  and  some  of  the 
coal-seams  were  traced  throughout   the  whole  length  of  the  Held.     The 

plans  and  sections  which  lie  then  made  are  locked  up  in  the  archives  of 
some  Government  department,  and  it  is  not  likely  that  they  will  ever 
Bee  the  light. 

Fig.  1,  Plate  II.,  is  a  plan  showing  the  northern  and  western  bound- 
aries of  the  coal-field,  and  the  approximate  lines  of  outcrop  of  several  seams, 
to  wit,  the  Halifax  or  Ganister  coals,  the  silk-tone  or  black  shale  coal, 
and  the  Barnsley  lied.  Fig.  2,  Plate  III.,  is  a  longitudinal  section  from 
north -to-south  of  the  coal-field.  Fig.  3,  Plate  IV.,  is  a  section  from 
west-to-east  of  North  Derbyshire.  Figs.  4  and  5,  Place  VII.,  are  sections 
from  west-to-east  along  a  line  of  latitude  about  two  miles  south  of  Leeds. 

It  will  be  observed  that  these  two  transverse  sections  agree  in  showing 
a  continuous  dip  from  west -to-east,  except  the  eastern  end  of  Fig.  4,  and 
in  showing  the  eastern  coal-Held  covered  up  by  Magnesian  Limestone 
and  New  Red  Sandstone  over  that.  The  western  side  of  the  coal-field 
is  like  the  edge  of  a  basin.  Has  the  eastern  side  a  similar  form,  and 
where  is  the  edge  of  the  basin  ?  It  will  lie  admitted  that  the  coal-field 
comes  to  an  end  somewhere,  since  it  does  not  exist  on  the  other  side  of 
the  German  Ocean.  Put  the  question  is,  how  and  where  does  the  coal- 
field end  ?  Do  the  coal-seams  simply  thin  out,  or  do  they  rise  up  and 
crop  out  under  the  New  Red  Sandstone,  or  has  there  been  some  great 
fault,  throwing  them  up,  which  is  now  concealed  by  the  newer  formations  ? 

The  argument  of  analogy  would  lead  one  to  suppose  that  the  eastern 
boundary  would  he  similar  to  the  western  boundary,  only  at  a  lower  level 
due  to  the  lowering  of  the  surface  in  an  easterly  direction. 

The  geologists  examined  by  the  Royal  Coal  Commission  (1871)  thought 
it  probable  that  the  boundary  of  the  coal-field  would  lie  found  somewhere 
near  the  longitude  along  which  the  river  Trent  flows  northwards  from 
Newark. 

Other  people  of  a  pessimistic  turn  of  mind  have  thought  there  would 
lie  no  workable  coal  so  far  easl  as  that:  whilst  others  of  a  sanguine 
temperament  have  said  that  the  coal-field  would  underlie  the  whole  of 
Lincolnshire  and  some  portion  of  the  North  Sen. 

It  remain-  for  the  borer  and  pit-sinker  to  establish  the  true  facts  of 
the  case.  The  writer  has  for  many  years  past  frequently  committed 
himself  in  Parliamentary  Committees  to  the  statement  that  a  valuable 
coal-field  extended  at  least  as  far  east  ward  as  the  river  Trent.    The  limit  of 
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this  easterly  extension  is  evidently  fixed  by  two  main  factors :  the  first 
is  the  dip  of  the  Coal-measures,  and  the  second  is  the  inclination  of  the  old 
Carboniferous  land-surface  forming  the  base  of  the  overlying  and  uncon- 
formable rocks  of  the  Permian  and  New  Red  formations. 

On  referring  to  Fig.  4,  Plate  IV.,  it  will  be  seen  that  the  distance 
A  B  between  the  present  surface  of  the  land  and  the  ancient  surface  when 
the  deposit  of  the  Permian  Limestone  began  is  the  measure  of  the  present 
thickness  of  the  upper  formations  ;  and  conversely  it  is  true  that  the 
thickness  of  the  upper  formations  is  also  the  measure  of  the  distance 
between  the  present  surface  and  the  surface  of  the  Carboniferous  form- 
ation. It  is,  however,  impossible  to  say  except  by  boring  or  sinking  what 
that  thickness  may  be. 

In  Fig.  4,  Plate  IV.,  and  Fig.  G,  Plate  III.,  it  is  assumed  that  the  newer 
formations  lie  in  unbroken  order  upon  the  Coal-measures,  but  there  are 
some  localities  in  this  country  where  this  order  is  broken  and  where  some 
of  the  formations  are  missing. 

For  instance,  in  Somersetshire,  the  Lias  lies  directly  upon  the  Coal- 
measures,  and  it  is  quite  possible  that  over  some  hypothetical  easterly 
extension  of  the  Yorkshire  coal-held,  the  Permian  formation,  or  part  of 
it,  and  some  part  of  the  Trias  might  be  missing,  the  LTpper  Trias,  Lias, 
and  Oolite  covering  perchance  an  ancient  hill  of  the  Carboniferous 
formation.  (See  dotted  line,  Fig.  G,  Plate  III.)  If,  however,  the  newer 
formations  continue  in  their  full  thickness  in  an  easterly  direction,  it 
then  follows  that  the  depth  to  the  surface  of  the  Carboniferous  formation 
below  the  present  surface  must  be  measured  by  their  full  thickness. 
What  this  is  at  any  given  spot  can  only  be  tested,  as  before  said,  by 
boring. 

The  boring  at  Scarle,  in  Lincolnshire,  which  is  about  9^  miles  south- 
west of  Lincoln  (beside  the  Nottingham  and  Lincoln  railway),  and  2 
miles  east  of  the  river  Trent,  near  to  the  village  of  North  Collingham, 
gives  some  criterion  as  to  the  possible  thicknesses  of  the  New  Red  Sand- 
stone and  Permian  formations  in  this  part  of  the  country. 

The  section  proved  was  :* — 

Drift 

Lower  Lias ...         

New  Red  Sandstone 

Permian       ...         ...         

Strata  

Total         2,030 

*  On  a  Deep  Boring  for  Coal  at  Scarle.  Lincolnshire,"  eic.  by  Mr.  E.  Hull,  Proc, 
Inst.  C.  E..  vol.  xlix.,  page  160. 


Feet. 

Feet. 

10 

65 

1,125 

400 

1,000 

130 
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or  u  depth  of  1,900  feet,  to  strata  believed  to  be  Carboniferous.  As  the 
formations  bored  through  are  unconformable  upon  each  other,  it  does 
not  follow  that  this  boring  has  revealed  their  maximum  thickness  in 
Lincolnshire,  and  it  is  possible  thai  farther  eastward  the  New  Red  Sand- 
stone and  Permian  rocks  may  each  attain  a  greater  thickness. 

More  recently  a  boring  lias  been  put  down  near  Carlton,  near  Bnaiche, 
on  the  river  Aire.  Another  important  boring  lias  been  made  between 
these  places  near  the  river  Trent  (Fig.  1,  Plate  11.  k-  The  details  of  these 
borings  hive  not  been  published. 

The  existence  and  extent  of  a  Lincolnshire  coal-field  is  a  matter  of 
great  importance  to  our  descendants  ;  no  matter  how  deep  the  coal  may 
lie,  they  are  certain  to  mine  it.  Of  course,  a  deep  mine  is  in  some  respects 
more  expensive  to  work  than  a  shallow  mine,  hut  when  the  shallow  mines 
become  exhausted  and  the  price  of  coal  goes  up,  the  deep  mines  will  then 
he  worked,  even  though  their  depth  should  reach   10,000  fed. 

One  of  the  most  striking  features  of  the  proved  portion  of  the  coal- 
field is  the  regularity  of  the  dip  from  west-to-east.  Referring  to  the  east 
and  west  sections  near  Leeds  (Figs.  4  and  .">,  Plate  IV.),  the  western 
outcrop,  near  Halifax,  is  about  500  feet  above  Bea-level,  and  the  probable 
depth  of  the  Halifax  coal  at  Allerton  Bywater  colliery  is  about  2,400  feet 
below  sea-level,  or  a  dip  of  about  2,900  feet  in  2\  miles,  which  is  at  the 
rate  of  188  feet  per  mile.  On  the  same  line  of  section,  Robin  Hood 
collier\  is  about  7  miles  west  ofthedeepesl  pari  of  Allerton  By  water  colliery, 
and  the  dip  of  the  measures  from  Robin  Hood  to  Allerton  Bywater  colliery 
is  about  1,000  feet,  or  about  142  feet  to  the  mile.  The  section  (Fig.  1, 
Plate  IV.)  does  not  prima  facie  indicate  this  remarkable  regularity:  this 
is  partly  due  to  Che  exaggerated  scale,  theverl  ical  scale  1  icing  nearly  twenty 
times  the  horizontal,  and  therefore  the  differences  of  dip  are  magnified 
nearly  twenty-fold.  It  is  also,  however,  due  to  the  circumstance  that 
the  dip  does  not  always  take  place  along  a  regular  slope,  hut  commonly 
in  steps  connected  by  levels.  It  would  appear,  however,  that  these  Btepe 
or  faults  do  not  interfere  with  the  general  dip,  but  are  merely  accidents 
connected  with  the  rise  or  depression  of  the  strata."  At  the  Prystone 
colliery  an  easterly  rise  has  hern  observed,  but  it  remains  to  be  proved 
whether  or  no  that  is  a  mere  local  variation, or  the  beginning  of  a  general 
easterly  rise  in  that  latitude. 

The  dip  at  Allerton  Bywater  colliery  is  not  simply  from  west-to-east  ; 
there  18 also  a  southerly  dip.    At  the  Newton  colliery,  a  little  east  of  Allerton 

*  Throughout  this  paper  EauUs  and  rails  are  entirely  disregarded,  being  treated 
as  incidental  t"  the  main  facta  and  a-  a  mode  in  which  the  given  depth  i-  reached. 
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By  water,  the  Warren  House  coal-seam  was  about  500  feet  below  sea-level. 
At  the  South  Kirkby  colliery,  it  is  about  1,800  feet  below  sea-level,  there 
being  a  dip  of  1,300  feet,  and  the  distance  from  north-to-south  being 
about  10  miles,  or  a  dip  to  the  south  of  130  feet  to  the  mile.  From 
South  Kirkby,  going  straight  south,  the  measures  rise  in  a  southerly 
direction. 

It  would  scum,  therefore,  that  the  centre  of  the  trough  or  coal-basin 
runs  in  a  line  from  north-west-to-south-east,  starting  at  the  north-western 
outcrop  of  the  Coal-measures,  say  at  Denholme,  about  half-way  between 
Halifax  and  Keighley,  and  proceeding  south-west  through  Cleckheaton, 
Batley  Carr,  Sandal  Castle  (about  2  miles  south  of  Wakefield),  South 
Kirkby,  and  Doncaster.  If  this  line  were  continued  it  would  pass  through 
Gainsborough  to  a  point  about  7  miles  north  of  Lincoln,  and  farther  east 
to  a  point  3  or  4  miles  south  of  Horncastle.  From  the  outcrop  of  the 
Halifax  beds  at  Denholme  to  South  Kirkby  is  about  29  miles,  and  to 
Doncaster  about  37  miles  (Fig.  1,  Plate  II.,  and  Fig.  6,  Plate  III.). 

Supposing  the  Halifax  beds  to  exist  at  South  Kirkby  colliery,  they 
will  be  about  4,000  feet  deep  below  the  sea-level  •  their  outcrop  at  Den- 
holme is  about  900  feet  above  the  sea-level.  There  is,  therefore,  a  total 
dip  of  about  4,900  feet  in  a  length  of  29  miles,  which  is  at  the  rate  of 
169  feet  per  mile.  If  this  dip  be  continued  for  8  miles  farther  to  Don- 
caster,  it  would  give  an  increased  depth  of  1,352  feet,  or  a  total  depth  of 
about  5,352  feet  below  the  sea  to  the  level  of  the  Halifax  beds,  or  say  a 
depth  of  1  mile  below  sea-level,  Doncaster  being  about  50  feet  above  the 
sea -level. 

According  to  the  same  system  of  calculation,  the  Barnsley  bed  would 
be  about  3,180  feet  below  seadevel,  but,  of  course,  all  calculations  of  this 
kind  are  little  better  than  guesses. 

One  of  the  most  interesting  matters  for  speculation  on  this  question  is 
the  level  of  the  old  land-surface  of  the  Coal-measures.  Will  it  continue 
dipping  under  the  Permian  rocks  at  the  same  inclination  that  it  now  has 
from  Denholme  to  South  Kirkby  ?  (Fig.  6,  Plate  III.)  This  inclination 
is  about  800  feet  in  29  miles,  which  is  at  the  rate  of  27  feet  per  mile. 
This  is  not  probable,  because  the  surface  of  the  exposed  Coal-measures  has 
been  subjected  to  great  denudation  since  the  time  of  the  deposit  of  the 
Permian  formation. 

The  next  question  is  :  Will  the  slope  be  such  as  that  the  Coal-measures 
would  have  had,  if  the  whole  series  of  proved  Coal -men  Mires  had  remained 
intact  all  the  way  to  Denholme,  and  the  surface  there  in  that  case  would 
be  5,000  feet  above  the  sea-level  ?     Taking  such  a  slope  (see  dotted  line 
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Fig.  6,  Plate  ITT.),  the  inclination  will  be  about  5,000  feet  in  29  miles, 
or  172  feel  to  the  mile.  Tt  is  perhaps  hardly  likely  that  the  Blope  of  the 
old  land-surface  would  continue  at  this  rate. 

There  can  lie  little  doubt  that  the  lowering  of  the  ancient  coal-field 
on  the  eastern  side  was  contemporaneous  with  an  elevation  of  the  strata  on 
the  western  side,  where  the  Millstone  Grit  and  Mountain  Limestone  now 
come  to  the  surface,  and  it  is  highly  probable  that  the  greatest  force  was 
exercised  along  the  line  of  the  Pennine  chain,  and  that  in  an  easterly 
direction  the  strata  will  be  found  to  become  more  level  until  they  come 
within  the  influence  of  some  more  easterly  line  of  upheaval  not  yet  dis- 
covered. That  being  so,  we  are  compelled  to  fall  back  upon  the  inform- 
ation obtained  by  the  borings  previously  referred  to. 

At  Scarle  the  combined  thickness  of  the  New  Red  and  Permian 
formations  is  supposed  to  be  1,825  feet  (Fig.  1,  Plate  TT.).  This  depth  is 
attained  at  a  point  which  is  about  16  miles  east  and  about  25  miles  soutb 
of  Doncaster.  The  longitude  of  Scarle  cuts  the  north-western  section  line 
(Fig.  0),  previously  referred  to  as  the  axis  of  greatest  depression,  about  a 
mile  to  the  east  of  Gainsborough  :  and  therefore,  in  the  absence  of  any 
better  information,  the  geological  formation  at  the  surface  being  the  same, 
it  would  be  reasonable  to  conclude  that  at  that  spot  the  depth  to  the  top  of 
the  Carboniferous  formation  would  be  about  L,800  feet  below  sea-level. 
This  place  is  18  miles  south-east  of  Doncaster,  24  miles  south-east  of  the 
outcrop  of  the  Magnesian  Limestone,  and  26  miles  distant  from  South 
Kirkby  colliery. 

Assume,  then,  that  the  surface  of  the  Carboniferous  strata  has  a  fall 
of  1 ,825  feet  in  2  I  miles,  we  get  an  average  inclination  of  70  feet  per  mile; 
but  the  dip  of  the  Carboniferous  strata  from  their  outcrop  to  South 
Kirkby  is  more  than  double  this,  being  109  feet  per  mile.  Therefore,  if 
the  depth  to  the  Carboniferous  strata  should  be  only  1,825  feet,  1  mile 
east  of  Gainsborough,  it  follows  either  that  there  is  a  great  additional 
thickness  of  Goal-measures,  or  else  that  the  easterly  dip  has  become 
much  more  gradual.  The  BUggested  possible  increase  of  thickness  of  the 
Carboniferous  strata  between  Doncaster  and  Gainsborough  is  (18  miles 

X    169  feet  —  76  feet  =)  1,071  feet. 

Perhaps  the  most  probable  supposition  is  that  the  south-easterly  dip 
continues  for  some  miles  south-east  of  the  South  Kirkby  colliery.  This 
would  be  in  accordance  with  the  depth  of  the  Barnsley  coal  at  Cadeby 
colliery,  2,250  feet.  The. longitude  of  Cadeby  crosses  the  section  line 
(Fig.  6,  Plate  111.)  about  1  miles  south-eaM  of  South  Kirkby  colliery. 
To    reach    the    depth     of    Cadeby    colliery    an    average    dip    of     90    feet 
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per  mile  is  required  from  South  Kirkby  colliery,  and  if  this  dip  be  con- 
tinued to  Doncaster,  the  depth  to  the  Barnsley  bed  under  that  town 
would  be  about  (1,900  +  720,  or)  2,620  feet.  It  is  not  probable  that  the 
depth  will  be  less  than  this,  and  it  is  not  improbable  that  the  south- 
easterly dip  of  l(i!)  feet  per  mile  will  be  continued,  at  least  as  far  as 
Doncaster,  in  which  case  the  depth  to  the  Barnsley  coal  at  Doncaster 
would  be  over  3,000  feet  as  before  suggested. 

It  will  perhaps  be  a  fairly  good  guess  to  assume  an  average  dip  south- 
east of  South  Kirkby  at  130  feet  per  mile.  The  exposed  portion  of  the 
North  Derbyshire  section  (Fig.  3,  Plate  IV.)  has  a  steeper  dip  than  shown 
in  Fig.  6,  Plate  III.,  but  the  distance  to  the  meeting  point  of  the  two 
lines  of  section  between  Gainsborough  and  Lincoln  is  less,  so  that  these 
two  sections  are  quite  consistent  with  the  theories  advanced  in  this  paper. 

In  considering  what  coals  to  take  account  of  in  estimating  the 
mineral  wealth,  it  is  interesting  to  refer  to  the  western  side  of  the  coal- 
field, where  almost  every  seam  of  coal  above  12  inches  in  thickness  is 
being  worked  in  some  places,  and  some  coals  are  worked  of  even  a  less 
thickness  to  supply  the  immediate  neighbourhood,  in  competition  with 
coal-seams  varying  from  G  to  8  feet  in  thickness  at  a  distance  of  only  5 
to  10  miles,  and  there  is  no  reason  to  doubt  that  long  before  the  British 
coal-fields  are  exhausted,  seams  of  coal  as  thin  as  4  inches  will  be  worked. 

The  writer  is  acquainted  with  a  mine  where  a  seam  of  shale  4  inches 
in  thickness*  is  worked,  at  a  cost  of  about  14s.  a  ton.  It  is  probable, 
however,  that  if  an  average  price  of  20s.  at  the  pit  could  be  got  for  every 
ton  of  coal,  whether  in  lumps  or  slack,  that  a  seam  of  coal  no  thicker 
than  4  inches  could  be  profitably  raised.  The  present  cost  of  mining  an 
18  inches  coal-seam  is  commonly  between  7s.  and  8s.  per  ton  exclusive  of 
royalty,  but  the  writer  has  experience  of  cases  where  the  cost  is  very 
much  less. 

Of  course,  the  cost  of  mining  does  not  increase  in  inverse  ratio  to  the 
thickness  of  the  seam,  because  many  items  of  cost  are  not  much  affected 
by  the  thickness  of  the  coal  worked,  and  it  must  be  borne  in  mind  that 
in  working  thin  coals  at  some  future  date,  the  shafts  originally  sunk  for 
thicker  seams  will  be  utilized. 

Speaking  in  round  figures,  it  is  accurate  to  say  that  the  Yorkshire 
coal-field  at  its  maximum  thickness  contains  100  feet  of  coal. 

Few  coal-fields  have  more  seams  well  recognized  and  worked  than 
that  of  Yorkshire.  The  following  table  gives  in  descending  order  the 
names  and  thicknesses  of  3G  coals  and  12  coals  unnamed,  giving  a  total 
thickness  of  107  feet  7  inches: — 

*  Four  inches  of  shale  is  equal  in  weight  to  about  8  inches  of  coal. 
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\  eb  ncAL  Section  of  the  Yobkshibe  Coal-field  i\  the  I.ati  cude  of  Wak  e 
field  and  longitude  op  conisboeough  \m)  knottixgley. 

Average  Approximate  Thicknesses  and  Depths. 


Thickness. 

Ft.   )n-. 

Total 
Depth. 
Feet. 

Thickness. 

Ft.    Ins. 

Depth. 
Feet. 

Goal     

2 

6    .. 

60 

27  van!-  coal  band    ... 

1 

:;    .. 

.     211 2 

Co.il     

1 

o    .. 

?s 

Baigh  Moor  coal  (in- 

Coal      

1 

t;    .. 

105 

cluding  bottoms)  ... 

,-, 

G 

.     2502 

Coal      ...         

■> 

0        .. 

.       225 

Various  coals 

1 

G      .. 

— 

Coal     

0 

G 

.       261 

Adwalton  stonecoal 

2 

0     .. 

.     2802 

Coal     

1 

6     .. 

32 1 

Adwalton  black  bed  ... 

3 

0     .. 

.     2847 

Coal      

1 

4     .. 

351 

1'ir-'  in'  iwn  metal  coal 

3 

O       .. 

.     2898 

Coal     

1 

s     .. 

.       38] 

Secoinl  ,,         „ 

2 

o     .. 

.     2937 

Coal     

0 

10     .. 

III 

Hard  land  coal 

3 

ii     .. 

.     3024 

Brierly  coal    ... 

1 

G     .. 

51 1  1 

Middleton  main  coal 

1 

0     .. 

3111 

Coal     

0 

5 

561 

Middleton      11     yards 

Berringthorpe  coal  ... 

1 

0     .. 

G51 

coal  ... 

2 

0     .. 

3156 

Hostel!  or  Shafton  coal 

3 

8     .. 

975 

Blocking  coal... 

2 

G      .. 

322:. 

Sharlston  top  coal     ... 

3 

2 

.      1182 

Lousey  coal 

1 

G     .. 

.     3261 

Sharlston  low  coal     ... 

3 

0     .. 

.      L263 

Beeston  coal  ... 

1 

0     .. 

3387 

Sharlston  yard  coal  ... 

4 

0     .. 

.     1332 

Crow  coal           )  Low 

1 

G 

.      3  :,:,2 

Swinton  Pol  tery  coal 

2 

0     .. 

.     1680 

Black  bed  coal  >  Moor 

1 

i;    .. 

.     3582 

Bateson's  bed... 

3 

0     .. 

.     1719 

Better  bed         'beds 

1 

6     .. 

3702 

Woodmoor    01    Wath 

Various  coals 

0 

!»     .. 

— 

Wood  coal  ... 

0 

6 

1809 

Bard  bed  band  coal  ... 

1 

o     .. 

.     US] 

Riding  two  Eeei  coal 

•) 

0     .. 

.     L860 

Hard  bed  or  Ganistei 

Stanley  scale  coal 

2 

9     .. 

L899 

coal  ...         

2 

0     .. 

1221 

Stanley  main  coal 

5 

G     .. 

.     L950 

Clay  coal 

(1 

'.i     .. 

.      1254 

Low  Beamshaw  coal... 

2 

G     .. 

.     1974 

Soft  bed  coal ... 

1 

G 

4311 

Kent's  thin  coal 

1 

6     .. 

.     2010 

Millstone  Grit  coal    ... 

1 

G     .. 

.      l7on 

Kent's  thick  o<>al 

3 

0     .. 

.     2073 

Warren      Bouse    coal 

Total      

107 

7 

(Barnsley  bed) 

G 

0     .. 

2283 

The  President  said  that  the  subject  discussed  by  Prof.  Lupton  was 
one  of  great  interest,  and  the  quesi  ion  of  the  existence  of  the  ( Joal-measures 
under  the  newer  formations  would  become  of  greater  interest  in  future 
years. 

Mr.  (i.  E.  Coke  (Nottingham)  enquired  why  Prof.  Lupton  limited 
the  southern  extension  of  the  Coal-measures  to  Nottingham  (Fig.  2, 
Plate  III.),  as  the  coal-field  had  been  proved  to  a  point  5  miles  south-east 
of  that  town.  They  were  working  the  Coal-measures  on  the  eastern  side 
of  the  Pennine  Chain,  and  there  was  no  doubt  thai  the  Coal-measures 
would  dip  eastward,  but  he  saw  no  reason  why  this  dip  should  be  per- 
manent,    Along  a  north-and-soiith   line  in   Derbyshire  there  were  two 
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distinct  anticlinals — in  the  Ere  wash  valley  and  on  a  line  through  Brim- 
ington  and  Tibshelf,  one  side  dipped  eastward  and  the  other  westward  ; 
and  there  would  be,  no  doubt,  many  similar  anticlinals.  At  Kimberley 
the  Permian  formation  might  be  seen  overlying  the  upturned  edges  of  the 
Coal-measures,  whilst  south  of  Nottingham  the  Red  measures  appear  to 
dip  at  exactly  the  same  angle  as  the  Coal-measures. 

Mr.  W.  Spencer  (Leicester)  said  he  understood  there  had  been 
deeper  borings  in  Lincolnshire  than  any  of  those  named  by  Prof.  Lupton, 
and  seams  had  been  proved  in  a  similar  position  to  those  found  at  South 
Kirkby  colliery. 

Mr.  C.  E.  Rhodes  (Rotherham)  said  that  a  boring  had  been  put  down 
recently  to  a  considerably  greater  depth  than  any  of  those  mentioned  by 
Mr.  Lupton,  and  the  Coal-measures  had  been  proved  to  exist  south- 
east of  Doncaster.  The  boring  in  question  proved,  that  the  Barnsley  bed 
existed  over  a  considerable  area  underlying  the  Red  measures,  and  that 
the  Red  measures  dipped  in  the  same  direction  as  the  Coal-measures. 
He  was  not  at  liberty  to  give  detailed  information,  but  the  Barnsley  bed, 
or  some  seam  assumed  to  be  it,  had  been  proved  at  a  depth  of  3,300  feet 
midway  between  Doncaster  and  Gainsborough. 

Mr.  George  Lewis  (Derby)  said  that  for  some  time  past  he  had  been 
much  interested  in  the  question  of  the  extension  of  the  coal-field  east  of 
Nottingham  and  the  eastern  side  of  Yorkshire.  He  made  statements  two 
or  three  years  ago  to  the  effect  that  the  top  hard  seam  extended  under 
the  German  Ocean.  At  present  nothing  had  been  proved  to  the  contrary, 
and  although  the  boring  at  Scarle  was  to  some  extent  negative,  still  they 
all  knew  the  variety  of  accidents  which  happened  to  boreholes.  Every- 
thing went  to  prove  the  extension  of  the  coal-field  throughout  Lincoln- 
shire. The  borehole  alluded  to  by  Mr.  Rhodes  proved  that  to  be  the 
case,  and  he  believed  it  could  be  distinctly  stated  that  the  seam  there 
was  the  top  hard  or  Barnsley  bed.  Sir  Edward  Watkin,  at  a  recent 
meeting  of  the  Manchester,  Sheffield,  and  Lincolnshire  Railway  Company, 
stated  that  it  was  not  uncommon  for  the  fishermen  on  the  east  coast  of 
Lincolnshire  to  bring  up  pieces  of  coal  in  their  nets  from  the  banks 
where  they  found  the  fish.  There  was  no  reason  why  that  should  not  be 
the  Barnsley  bed,  and,  if  so,  it  proved  the  extension  of  these  seams  to  the 
German  Ocean.  He  was  quite  clear  in  his  own  mind  that  the  top  hard 
seam  extended  far  beyond  Scarle,  where  he  believed  the  boring  had  been 
unfortunate.  In  Nottinghamshire,  the  farther  they  went  eastwards  the 
flatter  the  seams  became,  and  everything  went  to  show  the  probable 
extension  of  these  seams  for  a  very  considerable  distance. 

T 
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Mr.  M.  W.  Parrinotox  (Sunderland)  said  that  he  was  working  a 
short  distance  beyond  low-water  mark  at  the  Wearmouth  collieries  in 
Durham,  and  they  found  that  the  dip  of  the  Coal-measures  was  there 
becoming  flatter. 

Mr.  T.  E.  Forster  said  that  the  workings  in  Northumberland  were 
advanced  to  a  considerable  distance  under  the  sea,  but  not  far  enough  to 
give  any  clue  to  the  position  or  nature  of  the  eastern  edge  of  the  coal-basin. 

.Air.  A.  L.  Steavenson  (Durham)  said  that  whoever  might  study  this 
matter  in  the  future  would  find  the  perusal  of  the  present  paper  a  great 
advantage.  Prof.  Lupton  had  stuck  to  hard  facts  which  he  had  accumu- 
lated during  many  years  of  his  life.  In  only  one  or  two  cases  had  he 
indulged  in  prophecy,  one  where  he  said  that  coal  would  be  worked  at  a 
depth  of  10,000  feet,  and  the  other  where  he  said  that  a  coal-seam  4  inches 
thick  would  be  worked.  Whenever  that  time  came,  the  enormous  German 
coal-fields  would  come  into  competition.  Few  realized  what  an  immense 
quantity  of  coal  the  Germans  had  in  reserve,  and  how  easily  German  and 
American  coal  could  come  into  competition  with  English  coal.  Un- 
fortunately the  times  were  coming  when  it  would  be  necessary  to  go  into 
these  distant  coal-fields.  When  they  bored  at  Middlesborough  for  coal 
they  found  that  the  Permian  formation  reposed  upon  the  Millstone  Grit. 
If  that  also  took  place  in  the  eastern  district  of  South  Yorkshire  it  would 
put  an  end  to  the  hypotheses  of  Prof.  Lupton. 

Mr.  M.  II.  Mills  (Chesterfield)  said  he  regretted  that  Prof.  Lupton 
had  not  said  a  word  in  favour  of  some  of  the  thinner  seams,  which  were 
very  well  known.  There  seemed  to  be  a  fashion  in  working  coal,  if  there 
was  no  Barnsley  bed,  no  silkstone,  no  deep  hard,  to  say  then  that  there 
was  nothing  workable  ;  but  when  the  despised  seams  were  worked  they 
were  found  equal  in  quality  to  the  other  coal-seams  which  were  now 
sought  after.  It  would  be  better  to  sink  shafts  to  the  thin  seams  which 
were  known,  rather  than  to  any  of  these  problematical  seams. 

Mr.  J.  A.  Longden  (Nottingham)  said  that  at  one  of  the  collieries 
with  which  he  was  connected  the  shafts  were  sunk  through  360  feet  of 
Permian  measures,  and  they  found  that  the  top  hard  seam  was  laying  much 
more  level  than  it  was  where  the  Permian  did  not  overlie  the  Carboniferous 
measures.  More  than  that — whether  it  was  due  to  the  pit  being  in  the 
bottom  of  a  basin  he  should  not  like  to  say — but  his  opinion  was  that 
the  Coal-measures  were  beginning  to  rise  to  the  east.  As  to  the  sanguine 
expectations  of  some  engineers  that  the  Coal-measures  extended  so  far 
eastward,  at  the  collieries  in  the  been  Valley,  where  the  top  hard  coal- 
seam  was  5  feet  thick,  within  a  mile   it   was  reduced  to  2  feet  0  inches. 
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The  same  remark  applied  to  other  more  northerly  collieries  where  the  coal 
was  also  thinning  to  the  east.  If  this  thinning  continued  he  was  afraid 
they  should  find  Mr.  A.  L.  Steavenson's  statement  as  to  Middlesborough 
would  also  prove  correct  in  their  own  locality  ;  and  he  did  not  feel  so 
sanguine  regarding  the  Lincolnshire  coal-field  as  he  did  a  few  years  ago. 

Prof.  Kendall  (Leeds)  said  that  the  indications  and  facts  advanced  by 
Prof.  Lupton  showed  that  the  West  Yorkshire  coal-field  extended  eastward 
under  the  Red  rocks.  The  fact  that  the  Coal-measures  had  been  met 
with  at  a  depth  of  3,300  feet  between  Doncaster  and  Gainsborough  was 
important.  The  deep  Red  rocks  were  exceedingly  variable  in  thickness. 
There  was  a  fact  hidden  in  the  volumes  of  the  Yorkshire  Geological 
Society  for  twenty  years,  and  that  was  that  near  Thirsk  a  boring  showed 
that  the  Permian  series  and  the  Triassic  series  were  almost  entirely 
absent,  and  they  might  find  other  such  variations. 

Mr.  T.  H.  M.  Stratton  (Newcastle-upon-Tyne)  said  the  fact  that 
coal  was  occasionally  found  in  fishermen's  nets  did  not  prove  that  a  bed 
of  coal  outcropped  at  that  place.  Considering  that  the  North  Sea  had 
been  a  highway  for  the  carriage  of  coal  for  500  years  it  was  more  probable 
that  the  presence  of  coal  was  due  to  the  wreck  of  some  ship. 

Prof.  Lupton  said  he  named  Nottingham  as  a  general  indication  of 
the  latitude,  within  a  few  miles,  where  his  section  ended,  and  not  in  any 
way  to  prejudice  the  question  as  to  the  southern  limit  of  the  Coal- 
measures  or  the  success  attending  new  sinkings  near  Nottingham.  He 
was  glad  that  Mr.  C.  E.  Rhodes  had  given  valuable  information  as  to 
the  boring  midway  between  Doncaster  and  Gainsborough,  and  that  the 
forecast  of  the  depth  he  had  made  from  general  principles,  as  shown  in 
Fig.  6,  Plate  III.,  brought  out  the  depth  of  the  coal  not  far  different 
from  the  information  given  by  Mr.  Rhodes.  Mr.  Lewis  said  the  coal- 
seams  of  Nottingham  became  flatter  going  east ;  he  agreed  with  him  that 
the  continuance  of  the  easterly  dip  was  scarcely  probable.  Mr.  Steaven- 
son  referred  to  the  enormous  German  and  American  coal-fields  as  if  they 
would  some  day  enter  into  competition  in  England  itself  with  the  English 
coal-fields.  He  (Prof.  Lupton)  would  reply  that  from  the  beginning  of 
coal-working  up  to  that  day  the  total  amount  of  coal  got  in  the  United 
Kingdom  was  about  2^  per  cent,  of  the  total  store  of  coal  that  they 
might  reasonably  suppose  from  their  present  knowledge  to  exist  in  the 
United  Kingdom.  The  increase  of  population  in  America  and  other 
parts  of  the  world,  and  the  increase  of  coal  production  in  America  and 
Germany  was  proceeding  at  a  more  rapid  rate  than  in  England,  and  it 
was  quite  as  likely  as  not  that  they  might  continue   to  send  coal  to 
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Germany  and  to  America  as  that  the  Germans  and  the  Americans  should 
be  sending  coal  here.  Mr.  Lewis  thought  the  Coal-measnres  might  extend 
under  Lincolnshire  to  the  North  Sea,  while  Mr.  Longden's  argument 
suggested  thai  within  2  miles  of  the  Leen  Valley  coal-field  there  might 
possibly  be  no  coal  at  all.  They  did  not  know  which  was  the  correct 
view,  but  in  his  opinion  these  were  local  variations — the  coal  was  thicker 
at  one  place  and  thinner  at  another.  This  thinning  out  of  certain  seams 
was  not  necessarily  proof  of  a  general  thinning  out  of  all  the  coal-seams 
eastwardly ;  within  another  ^  mile  the  seams  might,  for  all  they  knew, 
thicken  up  again. 

The  President  moved  a  cordial  vote  of  thanks  to  Prof.  Lupton  for 
his  paper,  and  said  he  believed  it  would  prove  very  useful  to  the  members. 

The  resolution  was  carried  unanimously. 


Mr.  T.  H.  Wordsworth  read  the  following  "  Notes  on  Coal-getting 
by  Machinery": — 
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NOTES  ON  COAL-GETTING  BY  MACHINERY. 


By  T.  H.  WORDSWORTH. 


The  increasing  demand  for  large  coal  (even  at  a  higher  price)  in 
preference  to  small  coal ;  the  fact  that  the  production  of  coal  per  man 
employed  is  decreasing  ;  the  exhaustion  of  many  of  the  thicker  seams  and 
consecpient  opening  out  of  thinner  ones  ;  the  working  of  seams  at  greater 
depths  and  increased  temperatures  ;  all  tend  to  the  substitution  of  machin- 
ery for  hand-labour. 

A  large  number  of  holing-machines  have  been  constructed,  amongst 
which  may  be  mentioned  the  Firth  pick  machine ;  the  Rigg  and  Meikle- 
john,  the  Winstanley,  and  the  Gillot  and  Copley  disc  or  wheel-machines ; 
the  Bower  and  Blackburn  rotary  bar-machine ;  the  Ingersoll- Sergeant 
percussive  machine;  and  the  Jeffrey  machine.  These  machines,  with  the 
exception  of  the  last  named,  have  been  in  use  in  this  country  for  many 
years,  and  their  general  principles  and  adaptations  are  familiar  to  most 
mining  engineers.  The  Jeffrey  machine  has  been  in  successful  use  in 
recent  years  in  the  United  States  of  America.  It  consists  of  a  cutter- 
bar  3  to  3|  feet  long  mounted  on  the  end  of  a  steel  sliding-frame,  on 
the  opposite  end  of  which  is  fixed  the  electric  motor  or  compressed-air 
engine  (the  machines  being  adapted  for  either).  This  frame  slides  inside 
a  stationary  one  built  of  two  channel-irons  ;  the  frames  being  connected 
by  rack  and  pinion-gear.  The  cutter-bar  is  revolved  by  chain  gearing, 
and  is  at  the  same  time  advanced  by  the  rack  and  pinion  into  the  coal, 
making  a  cut  3  to  3  h  feet  wide,  5  to  8  feet  under,  and  4  inches  high. 
The  time  occupied  in  each  case  for  each  cut  is  said  to  be  from  3  to  6 
minutes. 

It  is  not  intended  in  this  paper  to  enter  into  a  comparison  of  the 
various  machines,  since  what  may  be  economical  in  one  seam  with  a 
good  roof  and  other  favourable  natural  conditions  may  be  both  costly 
and  dangerous  under  other  circumstances.  The  paper  is  simply  the 
description  of  the  application  of  a  machine  to  a  particular  seam,  together 
with  a  statement  of  facts  connected  therewith,  which  it  is  hoped  will  be 
of  some  value  to  members  who  may  contemplate  the  introduction  of  coal- 
cutting  machinery. 
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The  Middleton  main  or  silkstone  Beam  at  Messrs.  Pope  &  Pearson's 
collieries,  AJtofts,  lies  at  a  depth  of  960  feet  from  the  surface.  This  seam 
lias  been  worked  at  these  collieries  for  upwards  of  thirty  years  at  a  depth 
of  1,2(50  feet  up  to  a  large  fault.  The  method  of  working  at  the  lower 
level  is  longwall  with  pack  gates,  the  line  of  face  being  half  end  and  bord. 
The  chief  reason  for  this  is  the  presence  of  certain  slips  which  run  almost 
parallel  to  the  bordline  of  the  coal  and  extend  into  the  overlying  strata. 
The  seam  is  practically  level,  although  there  are  occasional  undulations. 
The  total  thickness  of  merchantable  coal  is  about  3  feet  10  inches,  and 
consists  of  10  inches  of  top  hard  coal  and  3  feet  of  gas  coal,  underlying 
which  is  about  10  inches  of  inferior  coal  and  dirt  bands  (whetstones) 
containing  a  large  quantity  of  iron  pyritasT" 

On  proving  the  seam  on  the  higher  side  of  the  fault,  it  was  found  to 
be  comparatively  free  from  the  above  mentioned  slips.  The  absence  of 
these  slips  and  a  consideration  of  the  nature  of  the  roof  and  floor,  the 
depth  from  the  surface,  etc.,  led  to  the  adoption  of  the  system  of  working 
shown  in  Fig.  1  (Plate  V.),  from  which  it  will  be  seen  that  the  line  of 
face  is  plumb  end.  The  main-endings  are  driven  in  pairs  7i  and  7  feet 
wide  respectively,  with  1,980  feet  between  each  pair.  The  main-bords 
(each  9  feet  wide)  are  driven  in  pairs  1,650  feet  apart.  The  endings  are 
all  7  feet  wide  and  driven  132  feet  apart,  and  about  675  feet  long  to  the 
covering-bords.  Each  working-face  is  about  1,710  feet  long,  leaving  a 
coal-pillar  about  120  feet  thick  next  to  the  main  endings. 

When  this  seam  was  opened  out,  an  attempt  was  made  to  hole  by  hand, 
but  the  cost  of  working  was  high.  The  holing  is  now  cut  by  machinery 
in  the  whetstones  immediately  below  the  good  coal,  the  remaining  portion 
of  the  inferior  coal  and  dirt  being  removed  after  the  good  coal  is  got. 

Description  of  the  Goal-cutting  Machine. 
The  coal-cuttinu-  machines  are  made  by  the  Yorkshire  Engine  Co.* 
The  first  machine  supplied  was  made  from  an  old  pattern,  and  undercut  to 
a  depth  of  3  to  3i  feet  with  a  height  of  :'»!  inches.  This  cut  did  not  give 
sufficient  leverage  to  break  off  the  coal,  besides  which,  to  allow  for  a  corve 
road,  the  props  had  to  be  set  almost  in  the  main  breaks.  Mr.  Garforth 
then  suggested  that  a  wheel  should  be  made  to  undercut  to  a  depth  of  4  to 
4-^  feet.  This  was  then  tried  with  a  cut  ?>h  inches  in  height,  and  it  was 
found  that  the  coal  often  settled  down  on  to  the  dirt  before  it  could  be 
filled  out,  thus  entailing  a  considerable  amount  of  extra  work.  The  height 
of  the  cut  was  consequently  increased  to  I .',  inches.  Experience  has  proved 
*  Trans.  Fed.  In»t.,  vol.  i.,  page  138,  plate  III. 
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that  the  improved  machines  work  more  easily  with  the  larger  height  of 
cut,  as  there  is  more  room  for  the  wheel.  The  cutting-wheel  is  68  inches 
in  diameter,  and  undercuts  to  a  depth  of  4  to  4^  feet,  with  a  cut  4^  inches 
high,  which,  it  is  believed,  is  the  greatest  depth  and  height  which  has  yet 
been  done  by  a  disc-machine.  The  cutter-wheel  is  carried  by  a  strong 
cast-steel  triangular- shaped  bracket  with  phosphor  bronze  bearing.  This  is 
attached  by  T-headed  bolts  and  set  screws  to  a  strong  steel  frame  carried 
on  three  adjustable  wheels,  two  being  placed  in  front  of  the  machine  and 
one  behind.  On  this  frame  are  fixed  the  engines,  second  motion  shaft, 
and  feed  drum.  There  are  two  cylinders,  each  9  inches  in  diameter  and 
9  inches  stroke,  fitted  with  reversing-gear.  The  second  motion  shaft  is 
driven  by  wheel  gearing  in  the  reduced  proportion  of  3  to  1.  A  small 
bevel-wheel  on  the  end  of  this  shaft  is  geared  into  a  rack  near  the  peri- 
phery of  the  cutting- wheel,  the  gearing  being  in  the  proportion  of  8  to  1. 
The  engines  thus  make  24  revolutions  to  1  of  the  cutting-wheel.  The 
cutters  are  fixed  into  pockets  on  the  periphery  of  the  wheel,  and  are  each 
held  in  position  by  a  pin  and  set  screw.  Three  sizes  of  cutters  are  used, 
one  single  and  two  double,  the  latter  being  3  and  4t>  inches  wide  respec- 
tively. 

As  a  result  of  the  deeper  cut,  the  number  of  shots  used  to  detach  the 
coal  has  been  reduced  about  one-half ;  the  breaks  are  further  apart,  thus 
allowing  the  props  to  be  set  between  them  and  the  face,  and  this,  together 
with  the  fact  that  a  greater  weight  of  coal  is  undercut  for  each  time  the 
machine  is  removed,  has  considerably  reduced  the  cost.  The  machine  is 
drawn  along  the  face  by  means  of  a  steel  rope  passing  round  a  pulley-block 
several  feet  in  advance,  and  attached  at  one  end  to  the  bridle  in  front  of  the 
machine,  the  other  end  being  wound  round  a  small  drum  which  is  actuated 
by  ratchet-gear  worked  by  a  small  crank  on  the  end  of  the  crank-shaft. 
By  using  two  pawls  and  having  three  points  of  attachment  for  the  connect- 
ing red,  the  feed  can  be  regulated  from  \  tooth  to  2  teeth  per  revolution 
of  the  engine. 

The  road  for  the  machine  consists  of  three  pairs  of  flat-bottomed  rails 
each  15  feet  long,  weighing  28  pounds  per  yard,  laid  on  special  sleepers 
(Figs.  2,  3,  4,  and  5,  Plate  V.),  and  spragged  against  the  props.  The 
joint  sleeper  shown  in  Figs.  4  and  5  (Plate  Y.)  was  made  in  the 
colliery  shops  and  is  the  best  which  has  yet  been  tried,  the  rail  ends 
sliding  into  a  small  chair  and  being  held  in  position  by  a  pin.  It  will  be 
noticed  that  there  are  4  pin-holes  in  each  end  of  the  sleeper,  two  for  each 
rail.  If  the  outside  holes  are  used,  the  road  may  be  laid  on  a  slight  curve, 
which  is  of  considerable  advantage  in  straightening  the  road,  should  it  by 
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accident  be  moved  out  of  line.  The  pulley-block  is  attached  by  a  hook 
to  a  D-link  riveted  to  a  28  lbs.  rail,  which  is  set  as  a  prop,  at  an  angle  of 
about  20  degs.  from  the  vertical. 

Some  difficulty  was  at  first  experienced  owing  to  the  cutting-wheel 
dragging,  but  this  was  overcome  by  balancing  the  machine,  the  goaf-side 
of  the  machine  being  kept  1  inch  higher  at  the  hark  and  the  front  end 
being  J  inch  higher  at  the  face  than  the  front  goaf -side  wheel. 

The  machine  is  worked  by  two  workmen,  one  in  front  to  set  any 
necessary  timber  and  lay  the  road,  the  other,  who  is  in  charge  of  the 
machine,  takes  up  the  rails,  clears  away  the  debris  from  the  machine,  and 
puts  in  the  sprags.  In  addition  to  these  two  workmen  there  is  an  official 
(Mr.  W.  Buxton)  who  superintends  the  machines  and  work  connected 
therewith,  to  whose  exertions  the  success  of  the  working  of  the  coal- 
cutting  machines  in  this  seam  is  largely  due. 

The  rails  may  be  passed  forward  under  the  machine  whilst  it  is  in 
motion,  but  it  is  found  advantageous  to  stop  the  engine  when  this  is  being 
done,  as  it  gives  an  opportunity  of  observing  the  roof,  which  is  of  a  brittle 
nature,  and  the  weight  comes  on  suddenly. 

With  two  men  and  under  favourable  conditions  of  roof,  etc.,  the 
machine  will  cut  a  length  of  180  feet  in  one  shift  of  8  hours,  but  if  an 
extra  man  is  sent  to  assist  in  removing  the  debris  a  greater  length  can 
be  cut.  The  average  for  some  time  past,  including  removals  of  the 
machine  and  taking  oil'  pipes,  is  135  feet  per  shift  of  8  hours. 

On  reaching  the  end  of  the  face  the  wheel  is  detached  and  loaded  on  to 
a  special  trolley,  the  machine  being  placed  on  another.  They  can  then  be 
taken  along  the  ordinary  road  to  the  other  end  of  the  face.  By  using  the 
small  drum  on  the  machine  as  a  windlass  in  loading-up  the  machine,  two 
men  can  load,  take  it  3,000  feet  and  get  it  ready  for  work  in  about  6 
hours. 

The  coal-cutting  machine  is  worked  by  compressed  air.  The  com- 
pressors placed  on  the  surface  are  on  the  wet  principle,  and  consist  of  two 
air-cylinders  26^  inches  in  diameter  (with  water-towers)  placed  behind  the 
si  cam-cylinders,  which  are  24  inches  in  diameter  and  5^  feet  stroke.  The 
air-pressure  at  the  surface  is  45  to  50  lbs.  per  square  inch.  The  pressure  at 
the  machines  varies  from  to  to  50  Lbs.  per  square  inch.  The  air-compres- 
sing engines  work  continuously  for  haulage  purposes  during  the  morning 
shift,  and  for  working  the  pumping-engines  and  coal-cutting  machines 
during  the  afternoon  and  night.  The  compressed  air  is  taken  down  the 
pit  and  along  the  roads  through  5,760  feel  of  8  inches  and  3,600  feet  of  6 
inches  pipes,  and  1  inches  pipes  are  used  along  the  rnain-bords.    A  receiver 
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is  placed  about  the  centre  of  each  bord.  Wrought-iron  pipes  are  laid  up 
every  alternate  ending,  2h  inches  pipes  being  used  for  one-third  of  the 
length  and  2  inches  pipes  for  the  remaining  distance,  so  that  the  coal- 
cutting  machine  is  sometimes  worked  at  a  distance  of  2^  miles  from  the 
air-compressor.  Flexible  hose-pipe  (5  ply)  is  used  from  the  end  of  the  2 
inches  pipe  to  the  coal-cutting  machine.  Valves  and  taps  are  placed  at 
various  points  to  reduce  leakage. 

Filling  Out  the  Coal. 

After  the  coal  is  undercut,  it  has  been  the  custom  to  employ  workmen 
to  remove  the  small  coal  made  by  the  machine,  and  throw  it  into  the 
goaf.  Two  men  are  employed  on  each  side  of  each  ending,  to  get  down 
and  fill  the  coal,  to  get  up  and  pack  the  dirt  and  do  the  timbering. 

With  the  exception  of  the  first  fall  after  a  heavy  weight  the  greater 
part  of  the  coal  can  usually  be  got  down  with  bars  and  wedges.  If  this  is 
not  possible,  it  is  detached  by  ardeer-powder.  Where  shots  are  necessary,  the 
holes  are  put  in  by  machine-drills,  weighing  38  lbs.,  the  maximum  length 
being  6  feet.  The  time  occupied  in  setting  the  machine  and  drilling  a 
hole  4|  feet  deep  is  about  7  minutes. 

By  the  increased  depth  of  cut  the  number  of  shots  has  been  reduced 
in  a  face  1,710  feet  long  from  30  to  12  per  day.  It  is  hoped  by  still 
further  increasing  the  depth  of  cut  to  5  feet  to  entirely  dispense  with 
blasting.  A  machine  with  a  cutting-wheel,  6  feet  1  inch  in  diameter, 
designed  from  the  experience  gained  in  this  seam,  has  recently  been 
started  with  this  object,  and  the  results  will  be  communicated  to  the 
members  at  a  later  meeting. 

The  best  results  are  obtained  when  the  holing  is  done  as  early  as 
possible  after  the  last  fall  has  been  removed,  as  this  relieves  the  pressure 
on  the  face  of  the  coal,  and  by  getting  the  full  advantage  of  the  weight 
the  main  breaks  are  regularly  formed  near  the  back  of  the  holing. 

Timbering  and  Packing. 

Packs  are  built  9  feet  wide,  with  wastes  between  24  feet  wide.  Care 
is  taken  that  these  packs  are  well  built  and  tight  up  to  the  roof. 
Two  chocks  are  placed  in  each  waste  and  at  each  gate  end,  and  are 
moved  forward  alternately,  thus  always  keeping  one  on  each  side  of  the 
main  break. 

Props  are  set  4  feet  apart  and  4^  feet  between  the  rows,  there  being 
always  two  rows.  Bars  are  set  from  the  props  into  the  coal  8  feet  apart 
or  oftener  if  required. 
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Conclusion. 

The  advantages  obtained  by  the  use  of  the  coal-cutting  machine  will 
varv  in  different  seams,  one  amongst  others  being  the  reduction  in  the 
number  of  men  employed — in  this  case  it  was  found  that  120  men  could 
do  the  same  amount  of  work  as  that  done  by  17:;  men  working  by  the 
old  method. 


Prof.  Lupton  said  he  should  like  to  know  why  the  Gillott  and 
Copley  form  of  coal-cutter  was  preferred  to  the  Winstanley  and  Barker 
coal-cutter  ?  This  coal-cutter  required  an  entrance  to  be  cut  into  the 
coal  for  the  six-feet  wheel  to  enter  before  they  began  to  cut,  whereas  with 
the  Winstanley  and  Barker  machine  the  wheel  was  on  an  arm  which  (by 
means  of  a  sector  and  worm)  could  be  moved  round  and  cut  its  own 
way  into  the  coal.  That  arrangement  was  convenient,  because  (without 
taking  the  machine  to  pieces)  they  could  move  the  sector  back  into  line 
parallel  with  the  machine-rails,  so  that  the  machine  could  be  run  along 
the  roads  from  one  working-place  to  another,  and  speedily  replaced  in  a 
working  position.  The  Gillott  and  Copley  machine  had  the  universal 
preference,  but  he  never  could  understand  why.  He  almost  thought  this 
was  the  first  time  on  record  that  a  disc-machine  had  cut  to  a  depth  of 
4i  feet  or  5  feet.  Hitherto  it  had  bjen  thought  necessary  to  have  a 
revolving  bar  machine  or  a  pick  machine  to  cut  to  these  depths,  but  now 
they  knew  that  a  revolving  disc  answered  the  same  purpose. 

Mr.  A.  L.  Steavenson  (Durham)  said  he  could  not  conceive  of  great 
difficulty  in  getting  a  machine  to  work  longwall ;  what  they  wanted  was 
something  to  work  in  the  bords  and  pillars.  The  Gillott  and  Copley 
seemed  to  be  an  excellent  machine,  and  compressed  air  was  much  the 
best  motive  power.  They  talked  of  electricity,  but  he  could  not  bring 
himself  to  take  electricity  along  a  dangerous  wire  into  a  dry  and  dusty 
mine.  Winn  they  took  electricity  iuto  a  mine  the  wires  were  being 
continually  cut  through.  For  that  to  take  place  in  a  dry  and  dusty 
mine  wTas  a  responsibility  he  should  not  care  to  face,  and  consequently  he 
thought  that  compressed  air  was  the  best  medium  of  motive  power  in 
coal-mines. 

.Mr.  T.  H.  WORDSWORTH,  in  replying,  said  the  Winstanley  and  Barker 
machine  was  tried  in  the  same  seam,  ami  they  found  it  could  not  do  the 
work  required.  Whether  it  was  owing  to  the  oscillating  cylinders  and 
small  crank-shaft  which  were  continually  breaking  down  he  could  not  say, 
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but  he  found  that  the  mechanical  construction  of  the  Gillott  and  Copley 
machine  stood  the  strain  of  coal-cutting  better  than  the  Winstanley  and 
Barker  machine.  "With  regard  to  the  arm-wheel  attachment,  he  did  not 
think  it  much  advantage,  as  the  time  lost  in  taking  the  wheel  on  and  off 
was  very  small,  and  by  using  trams  they  could  move  the  machine  more 
conveniently  than  on  its  own  wheels,  which,  being  a  long  distance  apart, 
if  the  machine  got  off  the  road,  caused  considerable  difficulty  in  getting 
it  on  again.  Compressed  air  was  used  as  the  motor  power,  because  the 
air-compressing  engines  were  on  the  ground. 

Mr.  G.  B.  Walker  (Barnsley)  said  with  regard  to  a  comparison 
between  the  two  machines — the  Gillott  and  Copley  and  the  Winstanley 
and  Barker  —it  was  purely  a  question  of  gearing.  The  peculiar  principle 
of  the  Winstanley  machine  was  this  :  there  was  a  large  pinion  with  teeth 
so  far  apart  that  the  cutters  could  enter  into  the  toothed  gearing,  and 
therefore  the  ratio  of  the  gearing  was  strictly  limited  to  the  distance 
between  the  gearing  and  the  cutter.  The  power  exerted  on  the  cutters 
in  the  Gillott  and  Copley  was  five  times  that  of  the  Winstanley  and 
Barker  machine. 

The  President  moved  a  vote  of  thanks  to  Mr.  Wordsworth  for  his 
paper,  which  was  carried  unanimously. 


The  following  paper  on  "The  Baum  Coal-washing  Machinery,"  by  Mr. 
F.  Baum,  was  read : — 
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THE  BAUM  COAL-WASHING  MACHINERY. 


By  FRITZ  BAUM,  Herne,  Westphalia. 


The  coal-washing  plants  at  the  Middleton  colliery,  near  Leeds,  and  at 
the  West  Riding  collieries,  near  Normanton,  erected  by  the  writer's  linn, 
are  practically  identical,  the  differences  being  that  in  plan  the  arrange- 
ment, at  the  one  colliery  is  what  may  be  termed  a  left-hand  arrangement 
and  in  the  other  a  right-hand  arrangement,  and  at  the  West  Riding 
collieries  the  large  elevator  F  (Fig.  1,  Plate  YI.)  is  situated  in  the 
centre  line  of  the  washing-house,  and  delivers  direct  to  the  large 
multiple-drum  G-,  whilst  at  Middleton  colliery  the  elevator  is  placed 
towards  one  side  of  the  washing-house,  and  delivers  to  the  multiple- 
drum  by  means  of  an  inclined  shoot  placed  transversely.  These  differ- 
ences are  due  to  the  relative  positions  of  the  pit-bank  and  the  buildings 
at  the  two  collieries.  The  following  description,  with  these  exceptions, 
applies  equally  to  both  plants. 

The  already  existing  screening  arrangements  at  the  two  collieries 
have  not  been  interfered  with,  and  are  capable  of  modification  as  to  the 
relative  quantities  and  descriptions  of  coal  produced  and  as  to  the 
quantities  and  descriptions  sold  unwashed  or  sent  to  the  coal-washer. 
All  the  coal  to  be  washed  is  preferably  separated  out  by  one  size  of 
screen,  viz.,  2|  inches  (70  millimetres)  as  a  preliminary  screening. 

Drawings. 

Fig.  1,  Plate  YI.,  is  a  longitudinal  section  of  the  washing-house, 
and  includes  also  the  screening -shed  as  erected  at  several  collieries  in 
Germany.  Figs.  2  and  3,  Plate  YI.,  are  cross-sections  through  Fig.  l 
at  the  positions  W  X  and  Y  X.  Pig.  4,  Plate  VI.,  is  a  cross-section 
of  one  of  the  jigging-machines.  AAA  are  rotary  tub-tippers,  BBB 
oscillating  screens,  and  CCC  carrying-belts.  The  plants  at  these  col- 
-  commence  with  the  large  coal-hopper  D,  into  which  all  the 
material  to  be  washed  (passing  through  '■'>{  inches  and  under)  is  tipped; 
This  hopper  is  capable  of  storing  1,000  tons  of  mixed  coal.  It  is  very 
important  that  it  should  be  of  large  capacity,  so  thai  any  stoppage  in  the 
washing  operations  does  not  Interrupt  the  drawing  of  coal,  and  besides  it 
allows  the  washing  operations  to  be  carried  on  independently  some  hours 
after  the  drawing  of  coal  has  ceased. 
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Sizing  of  Coal. 

The  elevator  F  delivers  the  rough  coal  to  the  multiple  rotating-screen 
G,  which  is  formed  of  five  concentric  drums,  the  four  inner  drums  being  of 
wire  gauze,  and  the  external  one  of  perforated  plates.  The  ends  of  the  four 
drums  are  formed  of  narrow  belts  of  perforated  plate,  for  the  purpose  of 
carrying  the  wire  gauze  and  of  connecting  the  whole  together  and  to  the 
axle. 

At  the  West  Riding  collieries  the  sizes  produced  are : — 

No.  1  nuts 

„     2      „ 

„     3     „ 

„  *  ,. 
Fine  coal 
Dust  coal 

The  innermost  drum  is  fitted  with  the  largest  sized  mesh,  and  the 
holes  in  the  perforated  plates  of  the  external  drum  are  -^  inch  (2  milli- 
metres). 

At  the  Middleton  colliery  the  mesh-diameters  of  the  wire  gauze  and 
perforated  plates  are  successively  2  inches  (50  millimetres),  1T3¥  inches 
(30  millimetres),  \%  inch  (20  millimetres),  -^  inch  (7  millimetres),  and 
y¥  inch  (2  millimetres). 

The  separation  in  the  multiple  screen  is  made  without  the  use  of  water, 
as  in  this  condition  the  finer  and  dust  coals  are  more  readily  separated, 
and  there  is  less  liability  of  the  holes  in  the  smaller  sized  gauzes  or  the 
perforated  plates  choking  up  with  coal-dust,  dirt,  and  rust.  It  is  very 
desirable  that  the  transport  from  the  pit-bank  to  the  coal-hopper  should 
be  under  cover,  and  the  hopper  made  weather-proof ;  for  if  water  reaches 
the  mixed  coal  the  fine  dust  (both  coal  and  stone)  attaches  itself  to  the 
larger  pieces,  passes  into  the  jigging-machines,  through  the  sieve,  and  is 
thereby  lost  along  with  the  dirt,  or  otherwise  produces  fine  slimes,  which 
pass  over  with  the  coal.  In  the  case  of  certain  coals,  the  dirt  accompany- 
ing it  is  of  such  a  nature  that  a  comparatively  short  contact  with  water 
renders  it  plastic  and  adhesive,  and  so  forms  small  lumps  to  which  coal- 
dust  adheres,  and  the  efficiency  of  the  washing  operations  is  greatly 
impaired  unless  due  precautions  be  taken. 

Washing  and  Jigging-machines. 
It  is  fortunate  for  coal- washing  operations  that  the  ordinary  grading 
or  sorting  to  sizes  for  sale  is  within  both  the  theoretical  and  the  practical 
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limits  required  bo  enable  the  separation  of  the  stone  from  the  coal  to  be 
easily  effected.  The  sizes  may  appear  unnecessarily  close,  but  as  the 
increased  cost  due  to  the  use  of  one  or  two  sizes  more  than  is  absolutely 
necessary  is  proportionately  very  slight,  and  since  greater  facility  is 
provided  for  meeting  market  requirements,  and  both  capacity,  or  speed  of 
separation,  and  superior  efficiency  or  cleanness  of  coal  result,  it  is  a  greai 
mistake  to  reduce  the  number  of  sizes. 

The  coals  thus  comparatively  accurately  graded  are  carried  to  the 
coarse  and  fine  jigging-machines,  H  and  J  respectively,  along  gently 
inclined  channels  b,  b,  formed  of  ordinary  channel-iron  (about  8  inches 
by  4  inches),  by  means  of  water-currents.  The  water  is  introduced  at 
the  upper  ends  of  the  channels  b,  b,  from  the  water-box  c  ;  the  admission 
being  regulated  separately  to  each  channel  by  means  of  screw- valves 
worked  by  hand- wheels  on  the  outside  of  the  water-box.  This  method 
and  arrangement  of  carrying  the  coal  by  water  to  the  jigging-machines 
has  been  devised  by  the  writer,  with  the  object  of  preventing  any  break- 
age, and  is  a  speciality  of  the  Baum  system. 

The  battery  consists  of  six  jigging-machines,  four  coarse  and  two  fine 
jiggers,  each  separated  from  its  neighbours  by  a  common  plate  i  (Fig.  1 ), 
forming  the  sides  of  the  machines.  The  jiggers  are  constructed  of  steel  or 
wrought-iron  plates  connected  by  angle-irons.  The  water-box  m  is  closed 
in  at  the  top  by  a  horizontal  plate,  on  which  is  fitted  a  piston  valve- 
casing  //,  in  which  works  a  piston  or  cylindrical  valve  h,  actuated  by  the 
eccentric  n,  and  having  ports  or  openings  in  the  sides  to  control  the 
admission  and  exhaust  of  compressed  air  to  and  from  the  upper  closed-in 
part  of  the  water-box  m.  Openings  j  are  provided  in  the  sides  of  the 
casing  g  for  the  escape  of  the  compressed  air  from  the  water-box.  o  is 
a  stop-valve  for  admitting  or  shutting  off  the  compressed  air.  The  com- 
pressed air  at  a  pressure  of  \\  to  2  lbs.  per  square  inch  is  drawn  from 
the  receiver,  to  which  it  is  supplied  by  the  air-compressor  q,  the  latter 
being  driven  by  belts  from  the  engine  r  (Fig.  1).  The  water-supply  pipe 
and  valve  Jc  shown  in  Fig.  4  are  not  now  applied,  as  the  water  required 
is  supplied  from  the  water-box  c  along  the  channels  b,  as  previously  de- 
scribed. In  the  coarse  jigging-machines  the  valve  h  makes  from  50  to 
70  strokes  per  minute,  and  in  the  fine  jiggers  from  75  to  110  strokes  per 
minute,  the  alteration  in  speed  being  effected  by  means  of  coned  pulleys 
on  the  driving  and  counter-shafts,  s  is  the  jigger  sieve,  of  §  inch  mesh 
for  the  four  coarse  jiggers,  and  £  inch  mesh  for  the  two  fine  jiggers,  d 
is  the  overflow  bar,  over  which  the  coal  from  the  coarse  jiggers  is  carried 
along  the  channels  e  (Fig.  8,  Plate  VI.),  to  the  nut-pockets  K.    //'  are 
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two  slides,  adjustable  by  means  of  the  hand-levers  1 1'  for  regulating  the 
outflow  of  the  stone,  which  falls  down  to  the  bottom  of  the  jigging-box, 
and  is  conveyed  away  by  means  of  the  spiral-conveyor  u,  extending  the 
whole  length  of  the  jigger-battery. 

It  will  be  noticed  that  the  mesh  used  in  the  fine  jigging-machines  is 
larger  than  much  of  the  material  treated,  and  it  might  at  first  be  supposed 
that  much  of  the  material,  including  the  coal,  would  fall  through  the  sieve. 
These  machines,  however,  can  be  regulated  to  such  a  nicety,  that  the 
larger  pieces  of  stone  or  slate  are  retained  a  considerable  time  on  the 
sieve,  and  owing  to  the  weight  of  material  above  them  they  set  themselves 
parallel  to  the  sieve  and  form  a  bed,  similar  to  the  felspar  bed  usually 
applied  in  fine  jigging-machines. 

The  new  principle  in  these  jigging-machines  is  the  use  of  compressed 
air,  alternately  admitted  to  and  exhausted  from  the  water-box  (instead  of 
a  vertically  reciprocating  piston)  for  producing  the  oscillations  of  the  water 
up  and  down  through  the  bed  of  the  jigger.  The  absence  of  noise, 
vibration,  and  shocks,  the  diminished  power  required,  absence  of  strains, 
and  other  advantages  from  a  mechanical  point  of  view  are  so  obvious, 
that  a  bare  reference  will  suffice. 

The  novelty  of  the  mode  of  action  of  the  machine  will  justify  more 
detailed  consideration.  The  speed  at  which  these  machines  are  run  is  not 
materially  different  from,  if  anything  it  is  slightly  slower  than,  that  of 
piston  jigging-machines.  In  the  case  of  the  latter,  the  rise  and  fall  of  the 
piston  corresponds  with  an  uniform  circular  motion  transformed  into  a 
reciprocating  motion.  During  the  downstroke  of  the  piston,  the  rate  of 
rise  of  the  water  through  the  bed  on  the  sieve  exactly  corresponds  to  the 
piston  movement,  that  is,  it  is  accelerated  during  the  first  half  of  the 
stroke,  and  retarded  during  the  second  half.  It  is  therefore  only  during 
the  middle  portion  of  the  stroke  that  the  water  possesses  sufficient  velocity 
to  raise  the  coal.  In  the  case  of  the  Baum  jigger  the  rise  of  the  water  is 
practically  accelerated  during  the  whole  of  the  stroke,  so  that  a  greater 
proportion  of  the  stroke  is  effective  for  causing  separation.  In  the  case 
of  the  piston-jigger  there  is  no  pause  between  the  cessation  of  the  upward 
movement  and  the  commencement  of  the  downward  movement  of  the 
water ;  whilst  with  this  jigger  there  is  a  pause,  between  the  closing  of  the 
inlet  ports  and  the  opening  of  the  exhaust  ports,  sufficiently  long  to  allow 
of  the  pressure  dropping  to  that  of  the  air  outside.  During  the  down- 
ward movement  of  the  water  and  the  upward  stroke  of  the  piston- jigger, 
the  water  follows  the  piston  at  a  rate,  if  the  speed  be  sufficiently  high,  due 
not  to  the  difference  of  the  water-level  on  both  sides  of  the  partition,  but 
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due  to  the  atmospheric  pressure  of  about  15  lbs.  per  square  inch.  The 
bed-material,  therefore,  sets  compactly  on  the  sieve,  and  during  the  first 
part  of  the  following  upward  movement  rises  compactly,  and  not  as  if 
it  were  affected  by  the  relative  specific  gravities  of  the  coal  and  stone. 
This  setting  of  the  bed  as  a  compact  mass  is  more  liable  to  occur  the 
finer  and  heavier  the  material  is;  and  when  this  happens,  the  water 
breaks  through  the  bed  locally,  re-mixing  instead  of  separating  the 
materials.  This  suction  action  of  the  piston  cannot  occur  in  the  case 
of  this  jigger,  as  the  difference  of  pressure  causing  the  downward  move- 
ment of  the  water  on  the  sieve  is  only  equal  to  the  difference  between 
the  two  levels  of  the  water,  so  that  it  cannot  exceed  1^  to  2  lbs.  per 
square  inch  at  the  commencement,  and  diminishes  to  nil  as  the  materials 
settle  upon  the  sieve.  The  bed  of  material  is  therefore  kept  constantly, 
so  to  speak,  open,  and  the  separating  action  of  the  upward  movement 
of  the  water  is  at  once  effective.  So  effective  are  the  machines  in  this 
respect,  that  the  fine  jigging-machines  can  be  worked  without  allowing 
the  coal  to  rest  at  all  on  the  sieve,  passing  in  fact  through  the  jigger  the 
whole  time  in  a  floating  condition.  This  suction  action  in  the  piston- 
jigger  also  draws  any  fine  coal  into  or  through  the  underlying  bed  of  slate 
with  which  it  passes  off,  or  through  the  sieve,  and  in  either  case  is  lost. 
The  rise  and  fall  of  the  water  over  the  sieve  varies  from  2|  inches  in  the 
case  of  the  coarsest  to  |  inch  for  the  fine  jigging-machines.  This  varia- 
tion is  readily  effected  by  more  or  less  throttling  the  compressed  air  at 
the  stop  or  inlet- valve  o. 

The  perfectness  of  the  jigging  operation  can  be  readily  checked  by 
taking  samples  from  time  to  time  as  the  coal  passes  along  the  channels  e, 
or  examining  the  stone  and  slate  in  the  buckets  of  the  dirt-elevator  S, 
the  size  of  the  coal,  if  any,  found  along  with  the  dirt,  indicating  at 
once  which  of  the  six  jigging-machines  requires  attention.  When  the 
slides//'  are  properly  adjusted,  the  lower  edge  of  the  slide/  will  always 
be  below  the  upper  edge  of  the  slide/'.  If  only  one  slide  were  provided, 
owing  to  the  small  proportion  which  the  slate  bears  to  the  coal,  and 
remembering  also  that  the  rate  at  which  they  leave  the  sieve  must  be  in 
the  same  proportion :  it  might  be  necessary,  to  prevent  the  slate  passing 
off  too  rapidly,  to  lower  the  plate/  so  far  as  altogether  to  stop  the  exit  of 
the  slate.  The  necessary  check  is  given  by  raising  the  slide/',  and  as 
there  is  no  coal  resting  on  the  slate  enclosed  between  the  two  plates,  the 
slate  here  is  raised  higher  by  the  vertical  motion  of  the  water  than  the 
slate  on  the  bed  side  of  the  plate/.  Hence  the  necessity  for  adjusting 
the   upper  edge  of   the   outer  slide   higher  than  the   lower  edge  of   the 
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inner  slide.  With  anything  like  uniform  delivery,  the  slides  when  once 
adjusted  may  not  require  any  alteration  during  the  whole  of  the  day. 

Should  there  be  a  deficiency  of  any  particular  size,  the  corresponding 
jigger  is  at  once  thrown  out  of  action  by  shutting  off  the  compressed  air. 
The  channels  b  are  provided  with  holes  opposite  the  jigging-machine 
immediately  preceding  the  one  to  which  they  respectively  deliver.  These 
holes  are  usually  closed,  but  can  if  desired  be  opened,  so  that  one  size  of 
material  can  be  simultaneously  dressed  upon  two  machines.  Such  a  case 
might  arise  if  any  of  the  sizes  were  screened  out  before  the  coal  is  sent  to 
the  collecting-hopper  D,  or  if  only  one  or  two  sizes  are  sent  to  the 
hopper  D. 

The  dirt  elevator  S  (Fig.  3)  is  placed  at  the  end  of  the  jigger- 
battery  next  the  air-compressor,  and  consists  of  a  chain  of  perforated 
buckets,  which  deliver  the  dirt  into  the  dirt-hopper  or  tower,  situated 
alongside  the  nut-pockets  K  ;  from  these  it  can  be  dropped  into  wag- 
gons on  the  same  line  of  rails  as  the  waggons  receiving  coal  from  the  nut- 
pockets  K. 

Draining  and  Loading  the  Nuts. 

The  washed  nuts  are  transported  from  the  jigging-machines  H  by 
means  of  the  overflowing  washing-water  along  the  channels  e  to  the  eight 
loading-pockets  K,  which  are  used  alternately.  For  each  class  of  nuts 
two  loading-pockets  are  provided,  i.e.,  two  for  each  jigging-machine, 
which  are  so  in  use  that  whilst  the  one  pocket  is  being  filled  the  other  is 
being  drained  and  emptied.  The  coal  falls  into  the  pocket,  previously 
filled  with  water,  and  displaces  the  water  from  the  same,  the  water  flowing 
away  over  the  upper  edge.  "When  one  of  the  pockets  is  filled  the  delivery 
to  it  is  stopped,  the  delivery-current  being  turned  to  the  other  previously 
emptied  pocket.  The  draining  of  the  water  from  the  coal  filling  the 
pocket  is  effected  in  a  very  short  time  by  means  of  an  arrangement  in  the 
bottom  of  the  pocket,  after  which  the  nuts  are  delivered  through  doors  or 
slides  in  the  bottom  of  the  pocket  direct  into  the  rail  way- waggons. 

By  means  of  this  arrangement  of  collecting  the  nuts  in  water-filled 
pockets,  and  draining  and  delivering  from  the  same,  the  nuts  can  be 
delivered  from  a  great  height  without  any  breakage  of  the  coal.  This 
arrangement,  on  account  of  its  simplicity,  suitability,  and  prevention  of 
breakage,  is  an  advance  over  previous  arrangements,  all  of  which  are 
based  upon  the  principle  of  first  draining  the  nuts  and  afterwards  collect- 
ing them  in  large  and  deep  loading-pockets,  whereby  the  nuts  are  broken 
or  crushed,  and  more  or  less  fine  coal  produced. 

u 
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Draining  and  Loading  the  Fine  Coal. 

The  washed  fine  coal  is  transferred  from  the  jiggers  J,  by  means  of 
the  overflow  current,  along-  a  channel  to  the  draining-sieve  or  screen  L. 
This  sieve  or  screen  allows  the  finest  coal  (under  T\  inch)  to  fall  through, 
whilst  the  coarser  portion  of  the  fine  coal  is  conveyed  along  the  draining- 
conveyor  M  to  the  disintegrator  N  to  be  ground  finer.  When  the  demand 
for  fine  coal  for  coke-making  exceeds  the  ordinary  supply,  the  overflow 
from  the  coarser  jigging-machines,  instead  of  passing  along  the  fine 
channels  e,  may  be  passed  along  the  channel  leading  by  the  screen  L  and 
conveyor  M  to  the  disintegrator  N.  The  draining-conveyor  M  is  formed 
of  perforated  plates,  each  having  aback  lip  and  being  hinged  together, 
and  it  travels  at  about  30  feet  per  minute.  The  small  fine  coal  falling- 
through  the  draining-sieve  or  screen  L  reaches  the  pointed  filtering-boxes 
0,  the  water  is  there  drained  off,  and  the  coal,  by  means  of  the  collecting 
or  rake-band  P,  is  carried  to  the  fine  coal  bucket-elevator  Q,  which  raises 
the  coal,  and  also  the  fine  coal,  from  the  disintegrator  N,  and  from  the 
multiple  screening-drum  G  (under  TV  inch)  to  the  fine  coal  tower  R. 
From  this  tower  the  coal  is  delivered  into  hopper- waggons  to  In-  sent  to 
the  coke-ovens,  or  into  rail  way- waggons.  The  coal  carried  off  by  the 
draining  or  emptying  of  the  filtering-boxes  0  collects  in  the  settling-pit 
T.  and  is  raised  thence  by  means  of  the  perforated  bucket-elevator  u\ 
and  thence  along  the  rake-band  P  and  up  the  bucket-elevator  Q  to  the 
tower  R. 

To  thoroughly  wash  and  dry  the  fine  coal,  and  to  avoid  the  accumula- 
tion of  worthless  slimes,  is  perhaps  the  most  difficult  of  all  operations 
connected  with  the  washing  of  coal.  The  accumulation  of  dirt-slimes  is 
avoided  by  shortening  as  much  as  possible  the  time  in  which  water  is  in 
contact  with  the  mixed  coal  and  slate,  and  this  is  practically  limited  to 
the  jigging  operation.  In  order  to  accelerate  the  separation  of  the  slate 
in  the  fine  jigging-machines,  these  machines  are  fed  with  clean  water. 
The  wet  fine  coal  must  then  be  collected  in  compact  and  firm  masses,  and 
drained.  Both  these  objects  are  attained  by  the  construction  of  the 
pointed  filter-boxes  0.  The  fine  coal  slime  or  meal  is  introduced  into  the 
filter-boxes  at  the  centre,  and  flows  through  them  at  a  wry  slow  speed. 
The  lower  the  velocity  the  better  (hies  the  tine  coal  separate  out  from  the 
water,  settles  more  compactly,  and  gradually  fills  the  box.  As  the  velo- 
city of  the  flow  in  the  boxes  depends  on  the  sectional  area  of  the  How, 
the  latter  is  increased  as  rapidly  as  possible  and  to  the  greatest  possible 
maximum  by  placing  the  inflow  at  the  centre  and  allowing  the  outflow  to 
take  place  over  the  whole  periphery  of  the  box,  i.e.,  on  all  the  four  sides. 
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The  overflow  water  which  is  afterwards  used  for  washing  (i.e.,  in  the 
coarse  jigging-machines),  is  carried  off  by  proper  channels,  which  run 
round  the  sides  of  each  box. 

Two  systems  of  pointed  filtering-boxes  are  arranged  with  the  object 
of  being  used  alternately.  "When  one  of  them  is  full  the  delivery  to  the 
same  is  stopped,  and  the  compactly-deposited  fine  coal  is  drained  by  an 
arrangement  of  perforated  standing-pipes  p  and  afterwards  emptied  by 
opening  the  four  emptying  slides  or  doors  provided  in  each  box  or  hopper. 
The  perforated  standing-pipe  p  affords  egress  in  the  shortest  direction 
for  the  water  in  the  upper  part  of  the  deposited  fine  coal,  and  if  neces- 
sary similar  perforated  pipes  may  be  placed  at  the  corners  of  the  box. 

Clearing  or  Circulation  of  the  Washing  Water. 

The  whole  of  the  water  used  for  the  washing  operations  circulates 
through  the  various  washing  apparatus,  that  is,  it  is  used  over  and  over 
again,  with  the  exception  of  about  10  per  cent,  which  is  replaced  by  fresh 
water,  chiefly  used  for  the  two  fine  jigging-machines.  The  overflow  from 
the  pointed  filtering-boxes  falls  into  the  overflow-channels,  and  passes 
thence  to  the  settling-pits  T,  where  it  unites  with  the  drip  water  passing 
off  from  the  bottom  of  the  pointed  filtering-boxes. 

The  water  from  the  settling-pit  T  passes  through  a  system  of  sieves  to 
the  clearing-tanks  or  sumps  U,  and  is  raised  thence  to  the  jigging- 
machines  by  means  of  the  centrifugal  pump  V. 

Motive  Power. 
A  compound  steam  engine  r  of  80  horse-power  drives  the  whole  of  the 
washing-plant,  including  the  air-compressor  q. 


The  President  moved  a  vote  of  thanks  to  Mr.  Baum  for  his  paper, 
which  was  agreed  to. 


Mr.  H.  W.  Hughes  read  the  following  paper  on  "Photography  in 
Coal-mines  "  : — 
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1^    HERBERT  W.  HUGHES. 


In  a  recent  contribution*  on  the  same  subject  the  writer  dealt  with 
the  difficulties  met  with  in  photographing  mining  operations,  and  the 
methods  he  had  found  successful  in  overcoming  them  ;  but  as  the  mem- 
bers he  was  addressing  were  familiar  with  the  apparatus  employed  and 
the  manner  of  using  it  no  reasons  were  then  supplied  either  for  the 
preference  given  to  certain  forms  of  lenses,  etc.,  or  for  the  manner  in 
which  the  operations  were  conducted.  Photographs  of  places  inaccessible 
to  the  general  public  are  usually  interesting,  and  mining  pictures  do  not 
seem  to  be  an  exception,  if  the  writer  may  judge  from  the  numerous 
letters  he  has  received  on  the  subject.  Many  mining  engineers  have 
expressed  a  wish  for  further  particulars  in  language  less  technical  than 
that  used  in  the  paper  already  alluded  to,  in  order  that  they  may  take  up 
similar  work  in  their  own  collieries.  The  field  is  a  very  large  one,  and  it 
is  to  be  hoped  that  members  may  be  induced  by  this  paper  to  enter  into 
the  work,  because  the  results  are  valuable,  both  from  a  scientific  and 
educational  standpoint,  and  indicate  clearly  how  many  operations  are 
performed  far  better  than  an  ordinary  drawing. 

The  writer  took  up  the  work  to  obtain  views  showing  how  the  ten- 
yard  coal  was  worked,  as  he  found  that  there  was  considerable  difficulty 
in  doino;  so  with  diagrams.  To  further  instance  the  value  of  such 
photographs,  he  may  say  that  one  view  obtained  by  Mr.  J.  C.  Burrow 
showed  the  heavy  timbering  in  the  412  fathoms  level  at  Dolcoath.  This 
was  subsequently  the  scene  of  a  terrible  disaster  in  which  seven  men, 
including  the  foreman  timberman,  lost  their  lives  owing  to  the  collapse 
of  the  timbering  as  it  was  being  strengthened,  while  an  eighth  man  was 
rescued  unhurt  after  37  hours'  entombment  beneath  the  fallen  debris. 

The  subject  is  particularly  appropriate  at  the  present  time,  because 
our  President,  Mr.  Arthur  Sopwith,  was  the  firsi  to  obtain  a  complete 
series  of  views  showing  the  various  operations  from  the  bottom  of  the 
shaft  to  the  working-place.  These  were  taken  in  1881  and  1882,  but 
previously  Mr.  W.  E.  Debenham  in  1864  or  1865  had  obtained  several 

*  ••  PkotOLrniphy  in  Coal-mines."  Journal  of  the  Photographic  &>ciety  of  Great 
Britain,  vol.  xviii..  page  93. 
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photographs  in  the  Botallack  metal  mine  in  Cornwall.  In  1884  Messrs. 
(t.  M.  Brctz  and  F.  P.  Dewey*  photographed  several  places  in  the 
anthracite  collieries  of  Pennsylvania  ;  while  in  1891  a  series  of  views  by 
Mr.  H.  Borner,f  illustrating  the  methods  of  working  the  Freiberg  metal 
mines  were  published  in  book  form.  The  latter  are  probably  the  best 
series  from  a  photographic  standpoint  that  have  been  obtained,  and  many 
of  the  views,  such  as  (17)  "Fixing  iron  settings  in  the  Hohebirke  lode," 
and  (18)  "Setting  contracts  at  the  forebreast  in  the  Seligtrost  lode,"  are 
also  excellent  from  their  technical  accuracy.  Several,  however,  have  been 
completely  spoilt  by  the  endeavours  of  the  photographer  to  produce  a 
good  picture,  two  being  especially  mentioned,  viz.  (3),  "Inset  at  the 
twelfth  level  in  the  Abraham  shaft,"  where  a  miner  is  depicted  breaking  a 
large  lump  of  loose  rock  placed  at  the  edge  of  the  shaft,  and  (5)  "  Sending 
down  timber  from  an  intermediate  landing  in  the  Abraham  shaft,"  show- 
ing a  man  engaged  in  sawing  a  piece  of  timber,  one  end  of  which  projects 
over  the  shaft. 

With  the  exception  of  several  isolated  attempts,  nothing  seems  to 
have  been  done  in  this  country  since  Mr.  Sopwith's  experiments  until 
about  eighteen  months  ago,  when  Mr.  Burrow  and  the  writer  took  up  the 
subject  and  endeavoured  to  obtain  a  complete  series  of  views  showing  the 
methods  of  mining  where  the  excavations  are  larger  than  is  usual.  A 
selection  of  the  former's  results  have  just  been  published  in  book  form  J 
For  mining  work  it  is  necessary  that  the  operator  should  either  be  an 
engineer  or  have  an  engineer  associated  with  him,  and  in  this  respect 
Mr.  Burrow  was  happily  situated,  as  he  was  assisted  by  Mr.  William 
Thomas.  Mr.  Burrow  and  the  writer  have  been  in  communication  with 
each  other,  and  both  finally  used  similar  apparatus  and  materials,  the  only 
difference  being  in  the  appliances  used  for  illuminating  purposes.  The 
writer  has  much  pleasure  in  admitting  his  indebtedness  to  Mr.  Sopwith 
for  many  useful  hints  and  advice  which  assisted  him  in  overcoming 
several  difficulties. 

Cameras. 

For  many  obvious  reasons  it  is  necessary,  for  underground  work,  that 
a  camera  should  be  of  the  lightest  and  most  compact  form  as  it  often 
has  to  be  erected  in  awkward  and  confined  situations.  The  writer's  first 
experiments  were  made  with  the  Club  camera  of  Underwood  &  Co.,  half- 
plate  size  (6|  inches  by  4|  inches),  which  is  of  the  light  tourist  pattern, 

*   Trans.  American  Inst,  of  Min.  Eng.,  vol.  xvi.,  page  307. 
t  Dcr  Bcrgmann  in  seinem  Bcrufe.  Freiberg,  1891. 
%  '  Jiang  d  Mint*  a  nil  Miners,  London,  1893. 
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possessing  the  several  movements  common  to  that  class  of  camera  ;  its 
construction  is,  however,  not  rigid  enough  to  stand  the  rough  usage  to 
which  it  is  subjected  underground.  Several  other  designs  were  inspected, 
and  for  many  reasons  the  whole  plate  Acme  camera  of  Watson  &  Sons, 
giving  a  view  Sh  inches  by  (>!>  inches  was  preferred. 

Like  many  cameras,  the  Acme  when  closed  has  a  thickness  regulated 
by  the  combined  substance  of  base-board,  bellows-front,  and  focus-glass, 
for  the  front  folds  into  the  base  and  the  bellows  occupy  the  space  between 
it  and  the  focussing  screen,  but  unlike  the  majority  of  cameras,  all  the 
operations  of  erecting  in  this  one  are  released  and  locked  by  spring  catches. 
When  setting  up,  the  spring  on  the  top  of  the  body  is  first  moved  aside  and 
the  body  revolved  on  its  hinges,  when  the  struts  run  down  in  the  grooves 
in  the  side  until  they  fall  into  a  niche  near  the  bottom  ;  at  this  point  the 
clamping-nuts  are  tightened  and  the  body  is  held  at  right  angles  to  the 
base.  The  front  is  then  lifted  up,  and  two  projecting  pins  at  the  foot 
are  slipped  into  grooves  in  the  front  of  the  base,  and  are  held  there  by 
spring  catches  which  rise  automatically  and  secure  them.  The  locking  of 
the  front  is  an  exceedingly  ingenious  and  convenient  arrangement,  for 
while  it  firmly  holds  the  bottom  portion  and  allows  of  the  front  swinging 
in  a  vertical  plane  to  any  practical  amount,  yet  by  inclining  the  front 
backward  to  an  angle  of  45  degs.,  it  draws  loosely  from  its  fittings  and  is 
ready  for  closing. 

The  bellows  are  taper,  but  not  square  in  section,  being  deeper  than 
they  are  wide,  thus  allowing  the  rising-front  to  be  used  with  freedom 
when  wide-angle  lenses  are  employed.  The  ordinary  clamping-screw  for 
the  rising-front  is  dispensed  with,  the  fixing  being  obtained  by  means  of 
a  rack  and  spring  ratchet  on  the  side.  The  back  of  the  camera  is  made 
with  the  usual  reversing  frame  so  th;.t  horizontal  or  vertical  pictures  may 
be  taken,  but  it  is  held  in  each  position  by  a  spring,  and  is  also  kept  in 
proper  register  by  another  spring. 

The  dark  slides  which  carry  the  plates  for  exposure  are  fitted  with 
special  stops  and  springs  to  the  shutters  ;  the  former  dispense  with  the 
projecting  screws  ordinarily  employed  and  leave  the  slides  clear  for  the 
reception  of  carriers  for  smaller  sized  plates  (if  required),  while  the  springs 
automatically  hold  in  the  shutter  when  closed  after  exposure.  In  addi- 
tion, the  dark  slide  itself  is  held  by  a  sj  ring  catch  as  soon  as  it  is  pushed 
into  the  proper  position  for  exposure,  and  cannot  be  withdrawn  until  the 
catch  is  pressed  back,  thus  preventing  any  possibility  of  the  slide  moving 
by  accident  and  spoiling  the  plate.  1  he  numerous  spring  catches  alluded 
to  are  valuable  on  the  surface,  Inn  are  si  ill  more  so  underground,  where 
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the  various  movements  have  to  be  gone  through  in  semi-darkness.  It  is 
a  source  of  considerable  satisfaction  to  know  that  the  different  parts  are 
in  their  proper  position  when  a  click  is  heard. 

The  usual  double  motion  is  supplied  for  focussing  and  for  the 
application  of  wide-angle  lenses,  as  the  front  can  be  extended  by  rack- 
work  and  the  back  moved  up  to  the  front.  In  order  that  the  back  may 
be  set  parallel  with  the  front  after  it  has  been  moved,  marks  are  cut 
across  the  two  grooves  in  which  the  back  slides.  The  base  of  the  camera 
may  either  be  panelled,  with  a  screw  socket  in  the  centre  to  be  fitted  to  a 
separate  tripod  and  held  by  a  T-screw,  or  preferably  .may  have  a 
turntable.  Although  the  latter  is  generally  made  of  brass,  yet  it  is  of 
light  construction,  and  as  the  base  is  cut  away  for  a  diameter  of  6^  inches, 
the  metal  introduced  weighs  little  heavier  than  the  wood  removed.  When 
aluminium  is  used  in  the  construction  the  reduction  in  weight  is  con- 
siderable. For  many  reasons  the  turntable  in  the  base  is  to  be  preferred  ; 
in  the  first  place  it  saves  one  extra  part  (the  tripod  head),  cannot  be  left 
behind,  and  reduces  the  time  required  for  erecting,  while  when  the  latter 
is  done  the  camera  is  sure  to  be  rigidly  attached  to  the  tripod. 

A  tripod  stand  with  the  lengths  of  the  legs  adjustable  is  convenient 
on  the  surface,  and  is  necessary  underground,  as  the  camera  has  often  to 
be  erected  in  confined  situations  and  on  very  uneven  ground.  The  three- 
fold stands  are  best,  but  many  of  these  where  the  joints  are  supposed  to 
be  held  rigid  by  a  screw  are  worse  than  useless.  In  the  new  pattern 
stand,  the  middle  piece  folds  down  into  the  same  plane  as  the  top  third, 
and  is  then  pushed  upwards  about  an  inch,  thereby  locking  it  between 
two  brass  strips,  one  on  each  side.  A  clamping-screw  is  provided  to  hold 
it  in  this  position,  and  forms  an  additional  security ;  but  even  if  this 
screw  becomes  loose  the  leg  cannot  bend  outwards,  as  before  it  can  do  so 
the  middle  part  must  drop  away  from  the  upper  piece  :  the  weight  of  the 
camera  effectually  prevents  this.  Practically  the  legs  are  as  free  from 
any  chance  of  collapsing  as  if  they  were  made  in  one  piece. 

After  the  care  which  has  been  taken  in  perfecting  small  details,  it  is 
surprising  to  find  that  indicators  for  determining  whether  the  back  and 
front  are  vertical  are  conspicuous  by  their  absence.  On  many  occasions 
it  is  impossible  to  set  the  camera  level,  and  consequently  the  back  part 
carrying  the  dark  slide  cannot  be  set  truly  vertical  unless  a  plumb-bob 
is  improvised  from  a  piece  of  string  and  a  stone.  The  better  plan  is  to 
purchase  two  plumb  indicators  and  attach  one  to  the  side  of  the  back 
and  the  other  to  the  front  of  the  front.  There  ought  not  to  be  any 
necessity  to  go  to  this  trouble ;  such  an  instrument  should  be  fitted  with 
indicators  in  the  first  instance. 
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Lenses. 

Within  the  limits  of  this  paper  it  is  impossible  either  to  describe  the 
various  types  of  lenses  which  have  been  used  underground  or  even  the 
advantages  possessed  by  several  forms  under  certain  circumstances,  except 
in  a  general  manner.  The  action  of  a  lens  is  never  perfect,  but  in  many  of 
recent  construction  the  imperfections  have  been  reduced  to  such  an  extent 
as  would  hardly  have  been  thought  possible  a  few  years  ago.  The  chief 
defects  which  have  to  be  minimized  are: — Spherical  aberration,  caused  by 
the  rays  of  light  being  refracted  more  at  the  edges  than  in  the  centre  of 
the  lens;  chromatic  aberration,  due  to  the  lens  bringing  light  of  different 
colours  to  focus  at  different  distances ;  astigmatism,  the  inability  to  focus 
horizontal  and  vertical  lines  at  the  same  time  when  such  are  near  the  edge 
of  the  plate ;  and  curvature  of  field,  that  is  to  say  the  lens  brings  rays  of 
light  to  focus  on  a  field  more  or  less  curved.  As  the  plate  on  which  the 
image  is  received  is  flat  the  latter  defect  is  very  serious. 

Under  varying  circumstances  certain  of  the  above  defects  may  be 
admissible,  but  others  must  be  absent.  Hence  the  numerous  types  of 
lenses  adaptable  to  different  uses  ;  in  one  form  a  certain  defect  is  allowed 
to  exist  in  order  to  better  correct  some  other  fault,  which,  if  present, 
would  render  the  lens  useless  for  the  purpose  it  is  intended  to  serve. 

Practically  speaking,  it  may  be  said  that  the  rapidity  of  a  lens  depends 
on  its  aperture  and  focal  length,  and  as  in  underground  work  speed  is  of 
the  greatest  importance,  a  lens  possessing  such  advantages  should  be 
secured.  The  portrait  lens  is  of  the  greatest  intensity  possible,  and  was 
used  by  Mr.  Sopwith  in  his  experiments,  but  it  has  not  the  power  when 
working  at  full  aperture  to  either  focus  the  image  sharply  at  the  edges  of 
the  plate,  or  to  represent  objects  in  the  background  with  the  same 
sharpness  as  those  in  the  principal  plane  on  which  the  focus  has  been 
made.  In  many  cases  the  latter  is  an  advantage  from  an  artistic  point  of 
view,  as  most  people  prefer  to  see  the  background  subordinated  to  the 
principal  object  forming  the  picture,  but  in  many  mining  operations 
objects  of  importance  are  situated  in  several  different  planes  and  if  the 
photograph  is  to  be  of  value  for  scientific  purposes  such  objects  must  all 
be  in  focus  at  the  same  time.  In  order  to  obtain  this  advantage  the 
aperture  of  the  lens  has  to  be  reduced  by  the  insertion  of  what  are  known 
as  stops  into  the  brass  mount  carrying  the  several  elements  of  which  most 
lenses  are  constructed.  These  stops  are  now  generally  expressed  not  in 
actual  measurement  but  as  a  fractional  part  of  the  focal  length,  thus/.  8 
is  an  aperture  having  a  diameter  equal  to  one-eighth  of  the  focal  length  of 
the  lens  it  is  associated  with.     Most  English  lenses  are  now  marked  with 
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the  diaphragm  apertures  recommended  by  the  Photographic  Society  of 
Great  Britain,  each  of  which  is  half  the  area  of  the  preceding  one. 
Provided  the  time  for  correct  exposure  is  known  with  any  stop,  the 
amount  necessary  with  the  others  is  easily  calculated,  as  when  using  the 
next  smallest  stop  double  the  time  must  be  given.  The  diaphragms  are 
marked  thus  :-/.  4,  /.  5-6,  /.  8,  /.  11%  /.  16,  /.  22'6,  /.  32,  /.  45%  /.  64. 
The  unit  aperture  is  /.  4,  and  if  an  object  required  one  second  exposure 
with  that  stop,  it  would  require  two  seconds  with/.  5,  four  seconds  with 
/.  8,  eight  seconds  with  /.  1 1 ,  and  two  hundred  and  fifty-six  seconds  with 
/.  64.  This  at  once  shows  the  necessity  of  using  the  largest  possible 
aperture  where  either  the  light  is  poor  or  the  subject  likely  to  move. 

At  one  time  the  stops  supplied  with  each  lens  were  either  arranged  on 
a  rotating  wheel,  or  were  separate  and  were  pushed  into  position  through 
a  slot  cut  in  the  side  of  the  lens-mount.  Within  the  last  few  years  the 
iris-diaphragm  has  come  largely  into  use,  thus  allowing  the  opening  to  be 
contracted  or  enlarged  by  simply  moving  a  pointer.  Every  lens  for 
underground  work  should  have  an  iris-diaphragm  as  the  number  of  things 
to  be  carried  about  is  thereby  reduced,  and  the  operation  of  altering  the 
stop  is  made  easy  and  comfortable ;  the  risk  of  fogging  the  plate  is  also  done 
away  with.  When  the  lens-mount  has  a  slot  in  it,  and  plates  of  extreme 
sensitiveness  are  used,  sufficient  Light  may  pass  in  through  the  slot  to  spoil 
the  plate. 

It  may  be  thought  that  what  are  known  as  wide-angle  lenses  which 
are  of  short  focal  length,  and  include  a  large  angle  of  view  on  the  plates 
they  are  made  to  cover,  would  be  best  for  work  in  mines,  but  although 
they  sometimes  have  to  be  employed,  yet  they  do  not  give  satisfactory 
results.  They  often  exaggerate  the  perspective  to  such  an  extent  as  to 
make  the  resulting  negative  look  very  unlike  the  original,  and  owing  to 
the  principles  on  which  they  are  constructed  have  to  be  used  with  a 
comparatively  small  aperture  ;  as  a  rule  the  largest  stop  they  are  supplied 
with  is  /.  16,  but  the  majority  do  not  work  satisfactorily  above/.  22. 

Mr.  Burrow  first  tried  a  portrait  lens,  but  as  the  only  advantage  this 
form  possesses  is  speed,  he  abandoned  it  for  others  on  the  introduction 
of  the  rapid  plates  now  to  be  obtained.  The  writer's  first  experiments 
were  made  with  a  Ross  rapid  symmetrical  lens  having  /.  8  for  its  largest 
aperture.  At  that  date  such  types  were  perhaps  the  best,  for  although 
they  are  slow  compared  to  portrait  lenses  working  at  /  4,  yet  they  cover 
the  plate  better  at  the  margins,  and  naturally  have  more  depth  of  focus, 
but  they  include  a  narrow  angle,  and  as  the  elements  are  rather  widely 
separated  in  order  to  obtain  flatness  of  field,  the  plate  is  not  so  evenly 
illuminated  as  is  desirable. 
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The  introduction  of  several  new  varieties  of  glass  made  at  the  Jena 
factory  has  put  into  the  hands  of  opticians  a  power  which  they  did  not 
previously  possess.  At  one  time  lenses  were  made  achromatic  by 
cementing  crown  and  flint  glass  together  to  form  the  separate  elements, 

but  as  the  glass  which  possessed  the  higher  refractive  power  also  had  a 
higher  relative  dispersive  power,  a  certain  amount  of  astigmatism 
remained  uncorrected,  and  the  lens  defined  indistinctly  in  the  marginal 
portions  of  the  field.  In  the  Zeiss  lens  designed  by  Dr.  Rudolph*, 
achromatism  is  obtained  by  employing  two  elements,  in  which  the  one 
having  the  higher  index  of  refraction  has  the  smaller  relative  dispersive 
power,  while  the  astigmatism  of  one  combination  neutralizes  that  of  the 
other.  The  field  is  flattened  by  the  combinations  themselves,  and  con- 
sequently they  can  be  placed  nearer  together,  thus  increasing  the  angle  of 
view  and  giving  more  even  illumination.  Practically,  owing  to  the 
greater  covering  power,  the  lenses  are  more  rapid  than  those  we  have 
been  previously  accustomed  to,  as  they  do  not  require  to  be  stopped 
down  to  such  an  extent. 

Both  Mr.  Burrow  and  the  writer  have  used  the  series  III.  lens,  having 
an  aperture  of  j.  7*2,  with  much  success,  but  Ross  <fc  Co.  have  recently 
taken  up  the  manufacture  of  another  type  which  promises  better  results, 
viz.,  the  Goerz  \  lens,  which  has  two  symmetrical  combinations.  '1  he 
double  anastigmat,  series  III.,  /.  7*7,  permits  the  use  of  the  largest  stop 
without  diminishing  the  sharpness  of  the  image  at  the  margins  of  the 
plate  up  to  an  angle  of  70  degs.,  while  definition  and  flati  ess  of  field  are 
uniform  all  over  the  picture. 

The  writer  need  only  mention  another  construction  of  lens  which  has 
been  found  invaluable  under  certain  circumstances.  The  Eoss  concentric 
lens  is  constructed  on  a  different  formula  lrom  that  of  all  other  lenses, 
as  the  two  exterior  surfaces  of  each  combination  are  concentric,  while  the 
cemented  surfaces  are  flat.  "Without  a  special  kind  of  glass  made 
at  Jena  such  construction  would  be  impossible.  The  field  is  quite 
flat,  evenly  illuminated,  and  definition  is  equal  over  the  whole  of  it. 
Unfortunately  the  largest  stop  that  gives  sharp  definition  is/.  22,  but  in 
situations  requiring  a  wide-angle  lens  none  better  can  he  employed.  It  is 
claimed  that  the  concentric'  more  nearly  yields  the  theoretical  amount 
of  depth  of  definition  than  any  other  lens,  and  may  consequently  be 
said  to  possess  greater  depth  of  focus  over  the  whole  field. 

As  lenses  for  different  purposes  vary  considerably  in  diameter  it  is 

•  English  Patent  No.  ("sol'S,  1S90. 

j  ,-A  New  Astigmatic  Lens,"  C.  P.  Goerz.    Jour.  Phot.  Soe,  Great  Jlrituin,  vol. 
xvii.,  page  253. 
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usual,  if  several  are  to  be  used  with  the  same  camera,  to  attach  to  each  an 
adapter :  this  is  a  ring  of  metal  exactly  filling  in  the  space  between  the 
screw  of  the  smaller  lens  and  the  flange  of  the  largest  one,  which  is 
firmly  screwed  to  the  front  board  of  the  camera.  The  writer  has  lenses 
of  5  inches,  7  inches,  8|  inches,  9  inches,  and  12|  inches  focus,  and  the 
four  first-named  are  each  fitted  with  its  own  adapter,  which  is  kept  per- 
manently screwed  on  to  the  lens.  Underground  the  camera  can  often 
be  erected  in  one  spot  only,  and  as  soon  as  this  is  done,  by  the  assistance 
of  the  adapters  all  the  lenses  in  succession  can  be  tried  in  a  few  minutes 
to  determine  which  includes  the  best  view. 

Plates. 

Photography  is  based  on  the  sensitiveness  of  certain  silver  salts  to 
the  action  of  light,  and  the  modern  dry  plate  consists  of  a  thin  film  of 
gelatine  in  which  the  sensitive  silver  salts  are  held  in  suspension  in  a  fine 
state  of  division. 

The  method  of  preparation  is  to  first  soak  suitable  gelatine  in  water 
until  it  becomes  soft,  and  at  the  same  time  to  add  the  requisite  quantity 
of  an  haloid  salt,  either  ammonium  or  potassium  bromide,  or  both.  A 
solution  of  nitrate  of  silver  in  water  is  prepared  and  added  to  the  first 
solution  in  such  quantity  as  will  be  completely  decomposed  by  the 
haloid  salts  therein.  The  silver  salts  thus  formed  do  not  possess  their 
maximum  sensitiveness,  and  for  that  reason  the  mixture  is  subsequently 
heated  for  one  or  two  hours  to  a  temperature  near  that  of  boiling  water. 

If  the  gelatine  solution  on  cooling  is  of  the  proper  consistency  it  is 
thoroughly  washed  by  squeezing  it  with  cold  water  through  canvas,  this 
being  necessary  in  order  to  remove  the  excess  of  haloid  salts  which  remain  in 
the  solution.  If  such  were  not  done  the  surface  of  the  film  on  drying 
would  be  destroyed  by  the  crystallization  of  these  salts,  and  in  addition 
the  potassium  or  ammonium  bromide  left  in  the  emulsion  would  act  as  a 
restrainer  on  development,  thereby  practically  diminishing  the  sensitive- 
ness of  the  plate. 

The  preparation  of  the  exceedingly  sensitive  plates  which  have  been 
placed  on  the  market  within  the  past  eighteen  months  is  a  trade  secret, 
and  a  valuable  one.  The  method  of  obtaining  this  extra  sensitiveness 
cannot  therefore  be  described  in  this  paper.  It  is,  however,  known  that  in 
order  to  obtain  the  maximum  amount  of  photo-chemical  decomposition  from 
the  minimum  exposure,  the  film  must  contain  some  halogen  absorbent.  By 
photo-chemical  decomposition  is  meant  the  invisible  change  undergone 
by  the  salts  of  silver  contained  in  the  film  when  it  is  exposed  to  light, 
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and  it  is  generally  admitted  that  one  of  the  results  of  this  decomposition 
is  the  liberation  of  the  halogen  element  previously  combined  with  the 
silver.  Now,  gelatine  possesses  the  power  of  absorbing  with  ease  large 
quantities  of  liberated  halogen,  but  slow  gelatine  plates  are  common  articles 
of  manufacture,  hence  the  mere  presence  of  gelatine  is  not  sufficient.  As 
may  be  expected,  almost  every  imaginable  salt  or  material  has  been  tried 
as  an  absorbent,  even  the  nitrites,  which  are  extremely  powerful,  but 
without  obtaining  any  results  of  practical  value.  The  writer  is  informed 
by  a  firm  of  leading  plate-manufacturers  that  as  far  as  their  present  know- 
ledge goes,  no  better  halogen  absorbent  than  gelatine  is  to  be  found,  and 
that  the  method  of  cooking  the  emulsion  is  the  main  factor  for  obtaining 
extreme  sensitiveness. 

Since  the  writer  commenced  underground  photography  the  sensitive- 
ness of  plates  has  been  enormously  increased  ;  indeed  the  most  rapid  now 
on  the  market  are  nearly  three  times  as  quick  as  those  obtainable  two 
vears  ago.  Mere  speed  is,  however,  not  the  only  point  to  which  attention 
has  to  be  paid,  as  the  quality  of  the  film  is  of  equal  importance.  Good, 
rapid  plates  are  an  essential  where  artificial  illumination  has  to  be 
employed,  more  especially  in  mining,  where  any  figures  in  the  view 
necessarily  occupy  somewhat  strained  positions.  The  writer's  first  satis- 
factory results  were  obtained  on  the  Mawson  plate,  which  then  had  a 
speed  of  about  80  on  the  Watkins  scale,  but  the  introduction  of  the  Gadett 
lightning  plate  proved  a  perfect  boon,  as  it  allowed  the  exposure  to  be 
reduced  one-half.  Most  manufacturers  have  quickened  up  their  plates 
during  the  past  year,  but  from  the  last  table  published  by  Mr.  Alfred 
Watkins  of  the  trials  which  he  has  made,  it  appeal's  that  the  Cadett  plate 
still  holds  its  own  as  the  fastest  on  the  market.  The  average  speed  issued 
is  from  160  to  180  on  the  Watkins  scale,  and  the  numbers,  which  are 
marked  on  each  box,  may  run  in  rare  cases  to  as  high  as  228.  All 
the  writer's  latest  results,  and  also  those  of  Mr.  Burrow,  have  been 
obtained  on  such  plates,  and  both  can  bear  witness,  not  only  to  the 
great  speed  but  the  good  quality  of  the  film. 

Methods  of  Illumination. 

The  Incandescent  electric  light  is  practically  useless.     The  writer  has 

exposed  a  plate  for  30  minutes  at  the  bottom  of  a  shaft  which  seemed 
brilliantly  illuminated,  using  stop/.  It!,  and  only  succeeded  in  obtaining  an 
impression  of  the  incandescent  lamps  themselves  and  of  their  sur- 
roundings to  a  distance  of  not  more  than  (!  feet. 

The  arc  electric  light  gives  far  different  results,  and  is  somewhat 
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largely  employed  in  obtaining  portraits  on  the  surface.  Underground, 
the  conditions  are  different.  Portrait-lenses  do  not  give  good  results, 
and  if  the  next  best  lens  is  employed,  it  means  four  times  the  exposure 
necessary  on  the  surface ;  it  is  also  practically  impossible  to  arrange 
reflecting-surfaces  in  the  happy  manner  that  can  be  earned  out  in  the 
studio.  The  inconvenience  of  carrying  the  electric  cables  into  the  work- 
ing-places is  left  out  of  consideration. 

Messrs.  Dewey  &  Bretz  obtained  a  series  of  views  in  the  mammoth  seam 
at  Kohinoor  colliery,  Shenandoah,  Pennsylvania,  with  the  aid  of  the  arc 
electric  light  specially  erected  in  the  mine  for  such  purposes.  They  used 
five  lamps,  each  giving  1,600  candle-power,  but  even  with  a  diaphragm 
of/.  16,  exposures  of  from  10  to  30  minutes  had  to  be  given.  At  the 
Chicago  Exhibition  the  South  Duffryn  Colliery  Company  exhibited  two 
underground  photographs  taken  by  the  Photophane  Company  of  London  at 
the  Abercanaid  colliery,  which  were  obtained  with  the  aid  of  the  arc  electric 
light.  The  plates  had  an  exposure  of  from  15  to  20  minutes,  using  stop 
/.  16.  Anyone  who  is  acquainted  with  the  working  of  mines,  need  not  be 
told  that  this  is  too  long  for  a  person  to  remain  perfectly  steady  if  he  is 
to  be  shown  in  the  act  of  performing  any  operation  connected  with 
getting  coal,  and  no  man  can  stand  still  for  such  a  length  of  time,  even 
when  placed  in  a  lounging  attitude  and  supported.  Putting  aside  the 
inconvenience,  even  with  moderate  lenses  and  rapid  plates,  the  electric 
light  seems  quite  inapplicable  to  photography  in  mines. 

When  artificial  illumination  is  employed,  the  light  must  not  only  have 
a  high  degree  of  intensity,  but  be  rich  in  rays  which  are  chemically 
active,  viz.,  green,  blue,  and  violet.  The  metal  magnesium,  when  burnt 
in  air,  gives  a  powerful  light  rich  in  actinic  rays,  and  as  early  as  1863 
it  was  used  for  obtaining  photographs  by  artificial  light.  Messrs. 
Debenham  and  Sopwith  both  employed  it  in  the  form  of  ribbon.  The 
former  cut  a  number  of  lengths  of  the  ribbon,  tied  them  together  at  one 
end,  and  thrust  the  other  end  into  a  lump  of  clay  stuck  against  a  sheet  of 
tin,  which  was  used  as  a  reflector,  and  held  in  the  hand.  Mr.  Sopwith's 
lighting  arrangements  consisted  of  a  number  of  tin  reflectors,  usually 
from  three  co  five,  shaped  into  parabolic  curves  to  concentrate  the  light, 
before  each  of  which  was  burnt  from  6  to  10  inches  of  magnesium  ribbon. 
The  art  of  lighting  consisted  in  using  the  lamps  at  suitable  distances,  and 
frequently  the  foreground  was  made  up  by  secondary  lighting  after  the 
holder  of  a  lamp  had  withdrawn  from  his  position.  At  the  time  when 
these  photographs  were  taken  the  ordinary  flash  lamp  was  unknown. 

The  writer  first  used  two  regulating  magnesium  lamps,   the   ribbon 
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being  wound  out  as  fast  as  it  was  consumed  in  the  burner  in  front  of  the 
reflectors.  An  exposure  of  from  2  to  4  minutes  was  given,  using 
stop/.  16,  and  a  Mawson  plate.  It  became  at  once  apparent  that  while 
similar  illumination  had  been  successful  in  Mr.  Sopwith's  case  in  the 
comparatively  thin  seams  of  his  district,  it  was  useless  in  the  80  feel 
seam  and  its  large  working-places.  Only  one  of  the  numerous  attempts 
made  in  the  ten-yard  coal  was  successful;  but  fairly  good  results  were 
obtained  in  the  Silurian  limestone-mines,  where  the  working-places  are 
similar  in  size  and  arrangement. 

What  is  required  is  a  very  brilliant  light  for  a  short  period,  and  to 
produce  it  a  large  quantity  of  magnesium  must  be  rapidly  burnt.  Flash 
lamps,  in  which  magnesium  in  the  form  of  fine  powder  is  blown  through 
a  flame,  usually  burning  alcohol,  satisfy  these  requirements,  and  provided 
a  sufficient  number  be  used  any  desired  illuminating  power  may  be  obtained, 
and  if  these  be  distributed  softer  effects  in  the  lighting  result.  Often, 
however,  the  space  in  which  the  camera  has  to  be  operated  is  so  confined 
that  it  is  impossible  to  properly  use  one  lamp  ;  and  in  some  cases  it  cannot 
he  fixed  on  a  stand,  but  has  to  be  held  in  the  hands  of  an  assistant.  Mr. 
Burrow  found  the  smaller  flash  lamps  ordinarily  purchasable  to  be  useless 
for  the  principal  lighting,  and  designed  two  powerful  ones,  each  having 
three  orifices,  and  consuming  §  ounce  of  magnesium  powder  for  eacli  flash. 
The  two  were  supplemented  in  large  areas  by  a  few  smaller  lamps,  and 
sometimes  by  one  or  two  oxy-hydrogen  limelights. 

Anything  burnt  in  oxygen  gives  a  far  more  brilliant  light  than  when 
burnt  in  air,  and  it  is  stated  that  magnesium  gives  twelve  times  its 
ordinary  illuminating  power  when  so  consumed.  All  the  writer's  best 
results  have  been  obtained  by  employing  the  lamp  designed  by  the 
Platinotype  Company  in  which  magnesium  powder  is  burnt  in  the  oxy- 
bydrogen  blowpipe.  In  its  original  form  the  lamp  was  constructed  as 
shown  in  Fig.  1  (Plate  VII.),  while  an  improved  design  is  illustrated 
in  Figs.  2  and  3.  A  is  the  base  into  which  is  screwed  the  receptacle  B 
for  holding  the  charge  of  magnesium  powder,  while  H  and  0  are  stop- 
cocks regulating  the  supply  of  hydrogen  and  oxygen  respectively. 

In  the  first,  design  (Fig.  1)  the  oxygen  current  was  divided,  part 
passing  up  the  central  tube  E,  while  a  further  supply  went  through  the 
small  pipe  0  to  the  outer  tube  1).  The  lower  part  of  the  receptacle  B 
is  shaped  internally  as  an  inverted  cone,  while  the  upper  portion  is  also 
cone-shaped,  the  two  being  so  joined  that  their  bases  meet.  The 
hydrogen,  after  pissing  through  the  cock  II,  enters  the  receptacle  B 
containing  the  magnesium,  through  a  small  hole,  or  holes,  situated  at  the 
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apex  of  the  lower  cone,  and  escapes  through  the  annular  space  C  sur- 
rounding the  central  tube  E,  carrying  with  it  the  powdered  magnesium. 
The  gases  are  thus  thoroughly  mixed,  for  the  jet  of  hydrogen  meets  jets 
of  oxygen  on  the  inner  and  outer  surfaces  of  the  annular  stream  in  which 
it  escapes. 

The  lamp  shown  in  Figs.  2  and  3  was  designed  to  give  greater  con- 
venience in  working,  and  to  obtain  a  better  and  steadier  flame.  Two  or 
more  pipes  G  are  connected  with  the  outer  oxygen  tube  D  at  points 
equidistant  from  each  other,  thus  ensuring  greater  uniformity  in  the 
supply  of  oxygen.  The  central  oxygen  tube  is  done  away  with,  and  the 
hydrogen  gas  passes  up  the  middle  ;  but  the  outer  oxygen  cone  D  is  here 
extended  upward  beyond  the  hydrogen  tube,  as  shown,  by  dispensing 
with  the  central  pipe  E,  Fig.  1.  The  lamp  illustrated,  in  Figs.  2  and  3 
can  be  charged  with  magnesium  through  a  funnel  inserted  into  the 
opening  K. 

The  lamp  is  used  by  first  charging  with  magnesium,  and  then  turning 
on  the  hydrogen  tap  H  gently  until  sufficient  gas  passes  through  to 
yield  a  flame  when  ignited,  without  carrying  up  the  powdered  magnesium. 
After  igniting  the  hydrogen,  the  oxygen  tap  is  next  turned  nearly  full  on, 
and  then  the  hydrogen  tap  is  turned  full  on.  The  magnesium  is  carried 
up  by  the  hydrogen,  and  a  flame  of  intense  actinic  power  is  produced. 
The  oxygen  and  hydrogen  are  best  obtained  from  cylinders  to  which 
Beard  or  other  suitable  regulators  are  fitted,  and  after  a  little  practice 
the  supply  of  each  can  easily  be  regulated  to  yield  the  best  results. 

The  reflector  arrangement  is  shown  in  plan  and  elevation  in  Figs.  4 
and  5.  The  lamp  L  is  carried  in  a  cup  M,  which  is  attached  to  the 
ordinary  tripod  legs  of  a  dial.  Round  the  base  of  the  lamp-cup  is  a  collar 
N  (capable  of  being  clamped  in  any  position  by  a  screw),  from  which 
projects  an  arm  P,  square  in  cross-section.  A  collar  Q  slides  on  the  arm 
P,  and  carries  an  upright  circular  rod  R  having  a  ball  and  socket  joint 
at  the  base.  The  reflector  S  is  attached  to  the  rod  R  through  a  hook  and 
circular  collar  as  illustrated.  By  means  of  the  various  movements 
comprised  in  this  arrangement  the  light  can  be  directed  on  to  any  desired 
point. 

Two  main  lamps  are  used,  one  on  each  side  of  the  camera,  and  these 
are  supplemented  by  an  Optimus  flash  lamp,  which  is  said  to  be  of  1,000 
candle-power.  In  addition,  secondary  lighting  has  often  been  given  by 
the  ribbon  lamps,  after  the  main  lamps  have  stopped,  to  such  places  as 
appear  to  have  been  in  shadow  during  the  principal  illumination.  As 
everything  is  so  dark  underground,  this  procedure  is  easy ;  the  cap  may  be 
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left  off  the  lens,  and  persons  may  move  about  in  front  of  it  provided  the 
ground  they  travel  over  be  not  illuminated.  In  the  subsidiary  lighting 
the  lamp  itself  may  be  in  front  of  the  lens,  provided  great  care  be 
taken  to  shield  it  and  prevent  any  rays  of  light  from  going  direcl 
to  the  camera.  Another  necessary  precaution  is  to  prevent  any  of 
the  secondary  light  from  being  thrown  on  to  places  where  men  were 
standing  during  the  first  lighting,  such  men  having  been  moved  away. 
If  such  a  thing  does  happen,  the  details  of  the  timber  supports  or  coal- 
face are  visible  through  the  miners,  and  "ghost"  photographs  arc 
obtained. 

The  impossibility  of  properly  composing  the  picture  on  the  ground-glass 
screen  adds  a  considerable  amount  of  doubt  to  the  uncertainty  of  obtaining 
any  desired  view.  What  is  generally  done  is  to  arrange  a  series  of  lamps 
or  candles  about  the  main  objects,  and  endeavour  to  get  all  these  on  the 
screeu.  After  this  has  been  done,  it  is  sometimes  possible  to  burn  a  short 
length  of  magnesium  ribbon  and  examine  the  view  thus  revealed,  but  in 
many  cases  that  procedure  is  impracticable,  as  the  smoke  produced  will 
not  clear  away  in  reasonable  time.  Focussing  is  equally  uncertain. 
What  is  done  is  to  place  a  light  somewhere  in  the  middle  distance  and 
get  that  point  sharp.  Now,  if  the  view  could  be  seen  on  the  screen  as  it 
is  when  working  on  the  surface,  it  is  often  possible  to  sacrifice  sharpness 
in  an  unimportant  part,  and  thereby  obtain  a  clearer  representation  of 
several  other  points  of  importance.  It  sometimes  happens  belowground 
that  the  uninteresting  points  are  in  focus  while  the  important    points  are 

indistinct. 

Develotmext. 

Having  made  the  exposure,  the  subsequent  treatment  of  the  plate  may 
lie  considered.  The  action  of  the  light  does  not  produce  any  visible 
effect,  and  the  plate  has  to  be  treated  with  a  chemical  solution  known  as 
a  developer  to  bring  out  the  latent  image.  Developers  act  by  reducing 
those  portions  of  the  silver  bromide  which  have  been  exposed  to  light  in 
proportion  to  the  amount  of  light  action.  Leaving  unchanged  those 
portions  thai  have  not  been  altered.  In  this  way  a  negative  is  obtained 
which  is  the  reverse  of  the  original  as  regards  light  and  shade,  for  the 
greatesl  deposil  of  silver  is  found  where  the  image  was  brightest,  and  the 
sinalle-i  deposil  where  the  object  was  in  shadow. 

Some  developing  agents  act  by  themselves,  but  the  greater  number 
ordinarily  employed  require  the  addition  of  an  alkali  before  they 
commence  working.  The  quantity  of  alkali  depends  on  what  plate  is  being 
worked  with  ;  if  an  excessive  quantity  be  used,  general  fog  is  apt  to  be 
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produced,  that  is  to  say,  a  deposit  of  silver  is  formed  all  over  the  plate, 
even  on  those  portions  which  have  been  unacted  upon  by  light.  To 
prevent  either  general  or  chemical  fog,  a  soluble  bromide  is  almost 
invariably  added  to  the  reducing  and  accelerating  agents,  so  that  the 
normal  developer  consists  of  three  solutions. 

The  writer  has  obtained  the  best  results  with  pyrogallic  acid  and 
ammonia  in  10  per  cent,  solutions  as  follows  : — 

1. 

Ounces. 
Pyrogallic  acid  ...         ...  ...         ...         ...         1 

Sodium  sulphite         3 

Citric  acid       ...         ...         ...          ...         ...          ...  A 

Distilled  water  to       10 

2. 

Liquid  ammonia  0-8S0          ...         ...  1 

Distilled  water  to 10 

3. 

Potassium  bromide    ...         ...         ...  ...         ...  1 

Distilled  water  to       10 

With  a  correct  exposure  1  ounce  of  developer  is  best  formed  by 
taking  10  minims  of  each  solution  Nos.  1,  2,  and  3,  and  diluting  to 
1  ounce,  but  in  order  that  development  may  be  well  under  control  it  is 
better  to  commence  with  half  the  quantity  of  alkali.  Indeed,  as  the 
great  majority  of  the  writer's  plates  have  been  considerably  under- 
exposed, he  usually  takes  40  minims  of  No.  1,  40  minims  of  No.  2,  and 
20  minims  of  No.  3,  and  dilutes  the  mixture  with  from  4  to  G  ounces  of 
water  (for  the  whole-plate  size).  At  intervals  of  about  10  to  15  minutes 
a  further  quantity  of  10  minims  of  the  ammonia  solution  is  added. 
Development  is  slow,  but  usually  all  the  details  can  be  coaxed  out  and 
sufficient  density  obtained.  "When  development  is  complete,  the  plate  is 
fixed  by  immersing  it  in  a  solution  of  hyposulphite  of  soda,  which  dissolves 
out  the  unaltered  silver  bromide.  Intensification  of  the  image  is, 
however,  often  necessary.  This  is  generally  done  by  first  bleaching  the 
negative  with  a  solution  of  bichloride  of  mercury,  and  after  washing  for 
at  least  an  hour  in  running  water,  treating  it  with  a  dilute  solution  of 
ammonia.  If  all  the  hyposulphite  of  soda  has  been  eliminated  from  the 
negative  by  washing  before  placing  the  negative  in  the  mercury  solution, 
and  if  the  washing  be  complete  after  bleaching,  the  writer's  experience  is 
that  the  image  is  practically  permanent. 

With  very  thin  negatives,  the  writer  prefers  to  use  the  ferrous  oxalate 
developer  in  place  of  the  ammonia  solution,  as  the  bleaching  process  and 
treatment  with  oxalate  can  be  repeated  over  again,  if  sufficient  density  be 
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aot  obtained  with  the  first  application.  If  this  process  be  used  it  is  of 
the  greatest  importance  that  the  washing  water  shall  not  contain  a  trace 
of  lime.  Indeed,  with  a  valuable  negative,  it  is  best  to  soak  the  plate  in 
distilled  water,  after  the  preliminary  washing  and  before  applying  the 
ferrous  oxalate  solution. 

Many  persons  prefer  the  pyro-soda  developer  where  sodium  carbonate 
in  its  impure  form  (commercial  "washing  soda")  is  used  as  the 
accelerator.  This  rarely  produces  green  fog,  and  if  the  proper  proportion 
of  bromide  is  employed  is  less  liable  to  produce  general  fog.  The  writer 
lias  not  been  so  successful  with  this  mixture  as  with  pyro-ammonia, 
probably  because  of  his  greater  familiarity  with  the  use  of  the  latter. 
There  is,  however,  little  doubt  in  his  mind  that  success  in  underground 
photography  depends  largely  on  efficient  development,  and  as  Mr.  Burrow 
uses  pyro-ammonia  developer  and  is  a  photographer  of  long  and  varied 
experience,  his  opinions  and  practice  are  alike  valuable.  It  is  in  develop- 
ment, and  the  subsequent  treatment  of  the  negative  that  the  professional 
excels  the  great  majority  of  amateurs. 

General  Remarks. 

The  difficulties  to  be  overcome  are  not  many,  but  are  hard  to 
surmount.  In  all  classes  of  mines  the  smoke  resulting  from  blasting,  the 
moisture-laden  and  misty  atmosphere,  and  the  dripping  of  water  from 
the  roof  are  customary  drawbacks  supplemented  in  coal-mines  by 
the  presence  of  coal-dust,  which  not  only  thickens  the  atmosphere,  but 
deposits  particles  on  the  lens  and  plate.  The  condensation  of  water  on 
the  lens  and  plate  is  perhaps  the  most  difficult  matter  to  avoid.  So  far 
as  the  plate  is  concerned,  one  has  to  trust  to  luck  ;  but  with  the  lens 
the  best  preventive  is  to  carry  it  in  the  trousers-pocket,  and  so 
warm  it  up  to  the  temperature  of  the  body.  Even  with  all  precau- 
tions, and  after  an  examination  has  been  made  to  see  if  the  lens  is  char 
immediately  before  exposure,  the  opening  of  some  door  in  one  of  the 
airways  may  momentarily  divert  the  regular  current,  and  cause  some 
cooler  air  to  enter  the  place  which  is  being  photographed,  with  the  result 
that  the  ulass  is  chilled,  and  as  soon  as  the  ordinary  warm  air  again 
comes  into  contact  with  it,  the  lens  fogs  and  the  plate  is  spoiled. 

The  difficulties  of  focussing  and  composing  the  picture  have  already 
been  alluded  to.  often  on  development  it  is  found  that  the  figures  are 
very  badly  situated,  or  that  some  desired  point  is  not  included,  or  even 
that  an  important  part  is  out  of  focus,  and  consequently  the  plate  is 
spoiled.  None  of  these  things  should  happen  if  it  were  possible  to 
examine  the  view  on  the  focussing-screen, 
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The  smoke  produced  by  burning  magnesium  is  very  dense,  and  if  it 
gets  in  front  of  the  lens  it  will  spoil  the  plate.  For  this  reason  it  is 
best  that  the  current  of  air  should  be  from  the  object  to  the  lens,  or  the 
clearness  of  the  picture  will  be  sadly  interfered  with,  even  if  not 
completely  spoilt.  Mr.  Barrow  has  found  on  several  occasions  that 
where  he  could  only  get  dull  pictures  looking,  say,  from  east  to  west,  he 
got  clear  ones  of  the  same  spot  looking  from  west  to  east,  and  this  was 
apparently  not  due  to  a  change  in  the  direction  of  the  air-current.  He 
cannot  explain  the  matter,  but  mentions  it  as  a  curious  and  oft-repeated 
experience. 

The  writer  is  of  opinion  that  only  one-half  the  illumination  is  required 
in  a  metalliferous  mine  to  obtain  the  same  result  as  compared  with  a 
similar  view  in  a  coal-mine.  Rocks  in  metal-mines  such  as  fluorspar, 
quartz,  etc.,  have  a  more  or  less  metallic  lustre  especially  when  wet,  and 
reflect  a  considerable  amount  of  light,  while  dull  black  coal  has  rather  a 
tendency  to  absorb  it.  Comparisons  of  the  amount  of  light  required  in 
the  limestone-workings,  and  that  necessary  for  similar  views  in  the  thick 
coal,  support  the  above  view.  The  only  satisfactory  instantaneous  view 
that  the  writer  has  ever  obtained  was  in  a  gateroad  passing  through  a 
basaltic  dyke,  an  excavation  similar  in  all  respects  to  those  made  in 
metal-mines. 

The  invariable  practice  of  the  writer  has  been  to  burn  weighed 
quantities  of  magnesium  powder,  for  with  the  comparisons  thus  obtained 
some  guide  can  be  formed  for  future  occasions.  If  two  platinotype  lamps 
are  employed,  burning  GO  grains  of  magnesium  in  each,  supplemented  by 
20  grains  in  an  ordinary  flash-lamp,  and  using  the  lens  with  stop/.  16, 
sufficient  light  should  be  obtained  to  illuminate  the  largest  areas  met 
with  underground.  The  writer  does  not  wish  it  to  be  inferred  from  the 
remarks  made  as  to  the  smaller  amount  of  light  required,  that  photographs 
in  metal-mines  are  easier  to  obtain  than  they  are  in  coal-mines,  indeed 
statistics  of  the  Cornish  and  the  writer's  exposures  seem  to  show  that 
both  are  equally  difficult.  Mr.  Thomas  states  that  the  average  in  the 
Cornish  experiments  has  been  about  17  per  cent,  of  good  negatives ;  70 
per  cent,  of  the  writer's  exposures  have  been  complete  failures,  and  out  of 
the  remaining  30  per  cent,  only  about  one-half  are  good. 


The  following  paper  by  Mr.  Chesneau  on  "  The  Oil-shale  Industry  of 
France  "  was  taken  as  read  : — 
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THE  OIL-SHALE  INDUSTRY  OF  PRANCE.* 
I'.y  G.  CHBSNBAU,  Mining  Engineer. 


Introduction. 

The  distillation  of  oils  from  bituminous  shales  began  in  France  as  an 
industry  shortly  after  the  first  researches  on  this  subject  had  been  com- 
pleted by  Mr.  Laurent  de  Reichenbach  in  1830.  The  practical  applica- 
tion in  France  of  shale-oils  to  illuminating  purposes  dates  from  1839, 
when  Mr.  Selligne,  who  had  been  making  investigations  on  the  distil- 
lation of  the  Autun  shales,  succeeded  in  refining  the  oils  thus  produced, 
and  invented  the  processes  whence  have  been  derived  (with  some 
improvements)  the  systems  now  in  use.  The  oil-shale  industry  of 
France  is  older  by  a  few  years  than  that  of  Scotland. 

The  principal  bituminous  shale-deposits  so  far  known  in  France  are 
those  of  Autun  and  Buxicres-les-Mines  :  the  first-named  have  been 
worked  uninterruptedly  since  1802,  the  last-named  since  1858.  There 
are  also  similar  workings  in  the  departments  of  the  Var,  the  Puy-de- 
Dome,  and  the  Basses-Alpes  :  but  out  of  210,000  tons  of  bituminous 
shales  (9,000  of  which  were  boghead  cannel)  brought  to  bank  in  1890, 
the  Autun  basin  figures  lor  156,000  and  the  Buxieres  basin  for  51,000 
tons — thus  accounting  between  them  for  very  nearly  the  whole  annual 
production.  The  present  paper  is  therefore  simply  confined  to  the 
industry  as  developed  in  the  shale-tields  of  Buxieres  and  Autun. 

The  bituminous  shales  of  these  two  districts  belong  geologically  to 
the  Permian  system.  In  the  district  of  Buxieres  the  formation  consists 
essentially  of  sandstones  and  shales  of  a  blackish  colour,  analogous  to 
those  of  the  Coal-measures,  and  is  characterized  by  three  horizons  which 
are  (in  ascending  order)  : — (1)  The  coal  ;  (2)  the  oil-shale  ;  (8)  beds  of 
chert,  feetid  limestone,  and  thin  bituminous  shale  intercalated  in  sand- 
stones. The  coal-horizon  only  contains  one  workable  seam  :  it  is  about 
GJj  feet  thick.  The  oil-shale  horizon  includes  two  bands  of  shale,  one 
only  of  which  is  workable  in  each  mining-royalty. 

The  Autun  coal-basin  comprises  two  series:  (1)  A  lower  series  belong- 
ing to  the  Coal-measures  and  worked  at  Epinac,  and  (2)  an  upper  scries 
containing  the  bituminous  shales,  which  appeals  to  belong  to  the  Permian 
system.  The  shale-lield  proper  covers  an  area  of  45,000  acres,  and  there 
*  Translated  by  I..  I..  Belinfante,  U.S.-. 
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are  nine  well-recognized  beds  of  shale,  seven  of  which  are  workable.  The 
workable  or  profitable  thickness  ranges  generally  from  6  to  8  feet,  save  in 
the  case  of  the  upper  bed,  worked  at  Les  Telots,  where  a  thickness  of 
only  3  feet  is  profitable  ;  but  that  very  bed  includes  a  10  inches  seam  of 
boghead,  which  enhances  its  value  very  considerably. 

In  the  Buxieres  basin,  then,  both  coal  and  shale  are  worked  ;  while 
in  the  Autun  basin,  only  shale  and  boghead  are  produced— all  the  coal  in 
the  last-named  basin  being  confined  to  the  Epinac  royalty.  The 
following  table  shows  what  royalties  and  what  factories  are  being  worked 
in  both  shale-fields,  as  well  as  the  names  of  the  individuals  or  companies 
working  them,  and  a  short  description  of  the  plant : — 

Table  1. 


Mining  Royalty. 

Name  of  Owner. 

Description  of  Plant,  etc. 

Buxieres  Shale-field : — 

1.  Buxieres- la -Grue 

and  La  Courolle 

Mr.  Duchet 

Underground  workings  of  shale  and 
coal  (one  shaft  and  one  drift). 
Works  for  the  distillation  of  shale 
and  the  refining  of  the  crude  oil. 

2.  Les  Plamores 

Rondeleux&Co. 

Underground  woi'kings  in  shale  and 
coal  (one  shaft).  Works  for  dis- 
tillation of  shale,  and  oil-refinery. 
A  pottery  and  tileyard  are  attached 
to  the  works. 

3.  St.  Hilaire 

Autun  Shale-field  :— 
Les  Telots  and   Sur- 
nioulin 

Count  Chateau- 
briant 

Lyonnaise  Co.... 

Underground  workings  in  shale  and 
coal  (one  shaft).  Works  and  oil- 
refinery. 

Underground  workings  in  shale  and 
boghead  (one  shaft).     Works. 

Margenne    ... 

Do. 

Underground  workings  in  shale  (one 
shaft).     Works. 

Ravelon 

Do. 

Do.                   do. 

Igornay        

Do. 

Do.                    do. 

Note. — The  crude  oils  from  the 
last-named  four  factories  are  rectified 
and  refined  in  another  factory  at  St. 
Leger. 

Muse 

Mr.  Ay  ma  id    ... 

Underground  workings  in  shale,  and 
works  for  the  distillation  of  the 
shale.  The  crude-oils  from  this 
place  are  sold  to  the  Lyonnaise  Co. 

Le  Ruet 

Mr.  J.  Ragot  ... 

Underground  workings  in  shale  (one 
shaft).     Works  and  oil-refinery. 

La  Comaille 

Rondeleux  &c  Co. 

Do.                      do. 

260  THE   OIL-SHALE    iNDlsruv   OF    FRANCE. 

At  the  time  of  Messrs.  Tournaire  and  Uhosson's  investigations,  the 

processes  of  distillation  and  of  refining  of  the  oils  varied  widely  at  the 
several  crude-oil-works.  The  retorts  which  found  most  favour  were 
either  a  fixed  vertical  retort,  heated  by  coal-fires,  and  yielding  on  an 
average  0*30  gallon  per  cubic  foot  of  shale;  or,  more  frequently,  a 
rotating-  oven  with  lateral  coal-hearth  on  the  Malo  system,  yielding  on  an 
average  036  gallon  per  cubic  foot  of  slide.  But,  as  was  predicted  by 
those  two  gentlemen,  in  accordance  with  the  results  obtained  in  1871, 
there  has  been  a  persistent  endeavour  to  gradually  improve  the 
processes  of  distillation ;  an  1  this,  not  so  much  with  the  view  of 
increasing  the  amount  of  crude-oil  produced,  as  of  effecting  a  saving 
in  the  consumption  of  fuel.  Thus  it  has  been  found  practicable  to 
make  use  of  the  shale  itself  as  a  fuel — containing  as  it  does  a  high  pro- 
portion of  carbon  compounds— and  heat  therewith  the  distillation-ret  oils. 
These  are  now  made  practically  all  according  to  one  pattern,  a  shape 
devised  expressly  to  allow  of  that  use  of  the  shale. 

Nowadays,  the  process  of  distillation  shows  no  appreciable  difference 
from  one  works  to  the  next.  No  difference  even  is  observable  when  we 
pass  from  the  Autun  district  to  the  Buxieres  works,  and  though  the 
amou.it  of  crude-oil  produced  may  vary  considerably  (according  to  the 
quality  of  the  shale),  the  cost  of  production  is  much  the  same  every- 
where. Nor  do  the  methods  of  refining  of  the  crude-oil  and  chemical 
purification  of  the  bye-products  differ  greatly  at  one  works  and  another. 
It  will  therefore  be  sufficient  to  describe,  for  each  step  of  the  process, 
the  apparatus  in  use  and  the  system  adopted  at  any  works  in  cither  oil- 
field,  taking  due  note  (when  occasion  arises)  of  such  variations  as  have 
been  found  acceptable. 

The  process  may  be  subdivided  according  to  its  two  essential  opera- 
tions : — (a)  The  distillation  of  the  bituminous  shales  yielding  the  crude- 
oil  ;  and  (/>)  the  refining  of  the  crude-oil  yielding  the  various  com- 
mercial oils. 

The  writer  will  now  describe  successively  and  in  detail  each  of  these 
operations,  and  meanwhile  he  draws  attention  to  the  following  table 
which  summarizes  the  output,  workmen,  etc.,  of  the  two  shale-tields  in 
the  year  1890  :— 
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Table  II. 


Number  of 

Number 

Crude- 

Workpeople 

of 

oil  ob- 

Density 

Number 

Employed. 

Shale-workings 

Shale 

Retorts 

tained 

Production 

of 

and 

Production 

for 

per 

Crude- 
oil. 

of  (.'rude- 

Refin- 

Oil works. 

in  18:0. 

Distil- 

Cubic 

oil. 

ing 

In 

In 

ling 

Foot  of 

Boilers. 

Work- 

Refin- 

Shale. 

Shale. 

ing  the 

ing, 

Shale. 

etc. 

Cubic  Feet. 

Gallons. 

Gallons. 

Avtnn  Basin. 

Lyonnaise  Co.  :- 

Les  Telots 

..       908.1  no* 

64 

0-28\ 

C  324.126 

— 

162 

7S 

Margenne 

..       211,896 

6 

0-28  1 

0-875 

\      33,000 

— 

15 

40 

Ravelon 

..       975,428 

52 

0-34J 

I  312,092 

— 

55 

35 

Igornay 

..    1,027,695 

87 

0-2S 

0-860 

301,664 

— 

75 

40 

St.  Leger 

20 

— 

45 

Muse 

..       479,026 

49 

0-33 

0-872 

163,746 

— 

23 

12 

Le  Ruet  ... 

..       706.320 

36 

0-32 

0-862 

231.000 

10 

34 

27 

La  Comaiile 
Totals  &  averag 

..       847,584 

50 

0-36 

0-870 

303,600 

14 

55 

65 

3S    5,151,049 

344 

0  33 

0-870 

1,669,228 

44 

419 

342 

Bnxieres  Basin 

Les  Plamores 

..      695,089 

36 

0-36 

0-893 

255,200 

19 

62 

30 

L'uxieres-la-Gru 

e 

and  La  Couro] 

le      988,848 

60 

0-34 

0-897 

440,000 

14 

120 

50 

si .  1  Lilaiie 

Totals  >\c  averag 
Totals  for  tl 

..       798,601 

36 

0-39 

0-877 

30S.ni  in 

8 

35 

43 

38    2,482,538f 

132 

0-36 

0-890 

1,003,200 

41 

217  + 

123 

ie 

1  wo  basins 

..    7,633,587 

476 

C-84 

0-880 

2,672,428 

85 

636  J 

465 

In  addition  to  the  above,  8,600  tons  of  boghead.       t  In  addition  to  the  above,  39,453  tons  of  coal. 
t  In  addition  to  166  miners  employed  to  work  the  coal. 


1. — Distillation  of  the  Shales. 

The  shales  are  distilled  in  vertical  cast-iron  retorts  of  diverse  cubical 
content  (46  to  56  cubic  feet),  but  of  uniform  type.  Fig.  1  is  a  detailed 
sketch  of  a  53  cubic  feet  retort. 

These  retorts  are  grouped  in  batteries  of  12  to  24  in  kilns  built  of 
masonry.  The  platforms  on  the  top  communicate  with  the  floor  of  the 
crushing-room,  where  the  shales  brought  from  the  mine  are  broken  up 
into  fragments  of  a  suitable  size.  The  retorts  are  made  of  cast-iron,  1*18 
inches  thick,  and  slightly  flattened;  they  arc  of  parallelopipedic  form 
terminated  at  the  lower  end  by  a  reversed  pyramid.  Each  retort  has 
three  orifices :  the  uppermost  (a)  is  used  for  charging,  the  second  (b)  is 
the  outlet  for  the  products  of  distillation,  and  the  third  (c)  at  the  bottom 
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is  for  emptying  the  retort  of  the  residues.  A  separate  fire  and  a  separate 
chimney  are  allotted  to  every  retort,  as  also  a  separate  worm  and 
receiving-tan]:  for  the  gases.  The  retorts  are  thus  perfectly  independent 
of  each  other,  and  each  can  be  worked  separately  ■  they  are  placed  above, 
and  in  the  axis  of,  the  furnace. 


Pig.  1.- Scale,  one-hundredth. 


A,  Cast-iron  retort. 

I'..  Neck  "I  i  In'  retort. 

('.  Pipe  conveying  gases  downward. 

D,  Cistern  for  the  worm. 

!•.'.  Receiver  Eor  the  c lensed  pro- 
ducts. 

I.  Pipe  for  drawing  off  the  products 
of  condensation. 

J,  Collecting  pipe  Eor  gases. 


Refebences. 

K.      t'lllli,! 

I,.  Sight  lmlc. 

M.  Opening  containing  the  shutter. 

N.  Sliding  shutter. 

(».  Flues. 

P,  Discharge-outlet  Eor  shale. 

Q,  Tipping-floor  (for  furnace  residues). 

T,  Outli-t  Eor  furnace  waste. 
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An  important  feature  in  the  method  of  heating  the  retorts  of  Buxieres 
and  Antnn  is  that  the  shale  itself  is  nseci  as  a  fuel.  For  that  purpose 
care  is  taken  not  to  carry  the  distillation  so  far  as  to  expel  all  the 
hydrocarbons:  consequently  the  pieces  of  distilled  shale  contain  a  little 
bituminous  matter  and  a  little  coke,  resulting  from  the  decomposition 
by  heat  of  the  heavy  hydrocarbons — say  about  9  per  cent,  of  carbon 
altogether.  They  may,  therefore,  still  be  burnt  in  the  presence  of  ah1, 
provided  they  are  not  allowed  to  cool  down  on  being  cleared  out  of  the 
retorts,  and  provided  they  are  shovelled  on  to  a  fire  which  is  in  full  glow. 
This  is  accomplished  by  means  of  the  following  arrangement : — 

Along  the  roof  of  the  furnace  K,  there  is  a  firebrick  sliding  shntter  X. 
6  inches  thick,  and  having  a  surface-measurement  of  27i  by  21^  inches, 
placed  so  as  to  allow  of  the  retort  discharging  direct  on  to  the  fire.  The 
furnace  is  built  of  firebrick,  4  feet  11  inches  high,  and  has  a  sectional  area 
of  3  feet  7  inches  by  3  feet  5  inches.  It  has  a  sight  hole  L,  whereby  the 
shales  used  as  fuel  may  be  raked  into  position  as  desired.  The  roof 
of  the  furnace  has  seven  openings  ;  one,  central,  corresponds  to  the 
discharge-outlet  (c)  of  the  retort,  and  through  it  the  shale  falls  on  to  the 
hearth  ;  while  six  flues  (three  at  each  side  of  the  arch)  allow  the  passage 
of  the  combustion-gases,  which  pass  upwards  to  heat  the  sides  of  the  retort. 

The  floor  of  the  hearth  consists  of  a  double  door  T,  which  is  kept 
closed  during  the  combustion  of  the  shale.  It  can  be  opened  so  as  to 
throw  the  burnt  shale  into  tipping-waggons  whose  cubical  content  is 
53  cubic  feet ;  these  waggons  run  along  an  underground  gallery  which 
communicates  with  all  the  retorts  of  the  bench. 

The  chimneys  are  built  of  brick  and  divided  into  two  shafts 
corresponding  to  those  running  along  either  side  of  each  retort. 
Dampers  of  cast-iron  are  placed  in  them  for  the  purpose  of  regulating 
the  draught,  and  therefore  the  rate  of  combustion  of  the  mass  of  shale. 

With  the  view  of  avoiding  sharp  changes  of  temperature,  particularly 
during  the  operation  of  charging  the  retorts,  the  latter  are  provided  with 
jackets  of  fireclay,  varying  in  thickness  from  2  to  2|  inches. 

The  shale  as  it  comes  from  the  pit  is  tipped  into  the  crushing-room, 
which  is  always  situated  close  to  the  retort-bench,  and  here  it  is  broken 
up  either  by  hand  or  by  machine  into  pieces  of  about  GO  cubic  inches.  It 
was  long  held  that,  shale  being  a  bad  conductor  of  heat,  the  manu- 
facturer's interest  lay  in  breaking  up  the  shale  into  small  pieces,  so  as  to 
facilitate  distillation.  But  practical  experience  has  proved  that  the  shale 
distils  just  as  well  when  broken  fairly  large  as  when  it  is  crushed  small, 
and  moreover  the  small  cannot  be  conveniently  used  as  a  fuel  after 
distillation. 
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The  operations  of  charging  and  emptying  the  retorts  take  place  as 
follows: — 

The  chimney-dampers  are  opened,  and  the  tip-waggon  is  brought  into 
the  proper  position  below  the  retort  thai  is  to  be  emptied.  The  sliding 
doors  forming  the  floor  of  the  hearth  are  drawn  aside,  ami  the  mass  of 
burnt  waste  tumbles  from  the  hearth  into  the  waggon.  The  latter  is  then 
run  out  to  the  tipping-heaps,  while  the  sliding-door  is  re-closed.  This 
done,  the  workman  pulls  aside  the  fireproof  damper  N,  and  thus  opens 
the  base  of  the  retort.  He  is  provided  with  a  rake  (bent  at  an  angle), 
which  he  thrusts  into  the  retort  through  the  door  M  and  the  opening  c, 
and  he  then  removes  the  distilled  shale  from  the  retort,  causing  it  to 
tumbledown  on  to  the  hearth.  The  walls  of  the  hearth  being  red-hot, 
this  fresh  supply  of  fuel  begins  to  burn  immediately.  When  the 
workman  considers  that  the  retort  is  empty,  he  hails  another  workman 
who  stands  on  the  top  of  the  kiln;  and  this  man  proceeds  to  open  the 
orifice  a  (closed  by  a  plug),  and  looking  in,  satisfies  himself  whether  the 
retort  is  empty  as  stated.  If  this  be  so,  the  man  who  is  down  below 
closes  the  damper  N,  while  the  man  on  the  top  of  the  kiln  pours  into  the 
retort  about  3  cubic  feet  of  coal-ash  or  burnt  small  shale.  This  makes  a 
compact  bed  at  the  base  of  the  retort,  and  seals  hermetically  the 
discharge-outlet,  a  desideratum  which  is  not  attained  by  the  mere 
sliding-to  of  the  damper  N.  The  shale  is  then  brought  (in  wheel- 
barrows, or.  better  still,  in  small  waggons  which  run  along  a  tramway  on 
the  top  of  the  kilns),  and  is  tipped  into  the  retort.  As  this  goes  on,  the 
shale  is  carefully  raked  into  place  so  as  to  form  a  fairly  compact  mass 
with  no  vacant  spaces.  The  retort  is  then  closed  by  the  cast-iron  plug, 
and  this  is  luted  with  a  mixture  of  clay  and  sand,  so  as  to  avoid  cracking 
during  the  process  of  distillation.  The  kiln  generally,  and  the  retort 
being  at  a  high  temperature  at  the  time  of  charging,  distillation  begins 
at  once.  For  the  first  three  or  four  hours,  steam  and  ammoniacal 
vapours  are  given  off.  These  condense  in  the  worm  placed  in  the 
cooling-cistern,  and  are  collected  in  the  receiver  E. 

After  that,  the  issuing  stream  becomes  more  and  more  charged  with 
oil.  and  at  the  expiration  of  twelve  hours  the  worm  runs  nothing  but  oil. 
This  lasts  from  eight  to  ten  hours,  when  (twenty  hours  after  the  first 
charging  of  the  retort)  steam  begins  to  come  oil'  again.  The  operation 
may  then  be  considered  as  complete  1.  and  one  may  then  proceed  to  distil 
a  fresh  lot. 

As  to  the  regulation  of  the  tire,  the  dampers  are  generally  left  open 
for  the  first  two  hours.     Ttuu,  when  the  overseer  calculates  that  the 
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requisite  temperature  has  been  attained,  he  has  the  dampers  thoroughly 
closed,  and  confines  his  attention  to  the  character  of  the  issuing  gases 
and  to  the  despatch  of  the  oils  and  the  water  to  the  measurement-tank 
placed  at  the  bottom  of  the  still. 

The  amrnoniacal  waters,  which  are  not  very  rich  in  ammonia,*  are 
brought  into  a  special  tank,  but  are  not  used  for  any  particular  purpose. 
The  oils  are  run  into  collecting-cisterns,  while  the  uncondensed  gases 
(made  up  of  lighter  hydrocarbons)  are  collected  in  the  large  collecting- 
pipe  J,  and  are  sometimes  used  to  heat  the  boilers  in  another  part  of  the 
works — this  is  done,  for  instance,  at  Les  Plamores. 

Thus  one  distillation  can  be  performed  in  each  retort  every  twenty- 
four  hours. 

The  number  of  workpeople  required  for  the  distillation  of  the  shales 
averages  five  men  for  every  twelve  retorts  per  twenty-four  hours.  Their 
wages  average  2s.  per  day  per  man. 

It  is  calculated  that  1  cubic  foot  of  crushed  shale  weighs  from  62  to 

77  pounds,  and  yields  on  distillation  : — 

Crude-oil,  density  0-890  to  0-902        ...     0-28  to  0"36  gallon. 
Ammoniacal  water       ...         ...         ...     0-30  „  0-37       ,, 

Uncondensable  gases    ...         850  cubic  feet. 

The  Autun  shales  yield  less  oil  than  those  of  Buxieres.  Among  the 
Buxieres  shales  those  of  St.  Hilaire  yield  the  largest  quantity  of  crude- 
oil  (as  much  as  O'-iO  gallon,  density  0*875  to  0-880,  i.e.,  very  much 
lighter  than  the  other  oils). 

The  prime  cost  of  the  crude-oil  averages  i*30d.  per  gallon,  and  is  thus 
accounted  for  : — 

d. 
Shale,  3  cubic  feet  at  l-12d.  per  cubic  foot     3~36 

Labour        ...         ...         0-51 

Stores      < 0-08 

Maintenance  (workshops  and  machinery)       ...         ...  0-03 

Carriage      0-14 

Miscellaneous  expenditure         ...         ...         ...         ...  0-18 

Total       4-30 

2. — Refining  of  the  Crude-oil. 

The  crude-oil  produced  by  the  distillation  of  the  shale,  very  dark  in 

colour  and  of  a  very  disagreeable  odour,  is  sent  to  the  refinery,  where  it  is 

subjected  to  a  series  of  distillations,  treated  with  sulphuric  acid  and  with 

caustic  soda,  and  washed  with  water. 

*  At  one  time,  with  smaller  retorts  of  only  21  cubic  feet  capacity,  heated  at  a 
higher  temperature  than  is  now  the  rule,  waters  richer  iu  ammonia  were  obtained  ; 
but  the  quantity  of  oil  produced  was  smaller,  and  its  density  was  higher. 
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We  may  take  as  an  ordinary  type  of  a  refinery  conjoined  with  a  crude- 
oil  works  the  factory  of  Les  Plamores  at  Buxieres,  which  can  deal  with 
26  1,000  gallons  per  annum.  Or  we  may  take  the  St.  Leger  works  of  the 
Lyon naise  Company,  which  not  only  deals  with  the  oils  coming  from  the 
four  crude-oil  works  belonging  to  that  company,  hut  also  those  of  the 
Muse  crude-oil  works,  and  where  as  much  as  1,820,000  gallons  of  crude- 
oil  can  he  treated  per  annum.  We  propose  to  describe  both  of  those 
refineries,  as  they  differ  one  from  another,  not  only  in  the  process  of  treat- 
ment of  the  oil,  but  also  in  the  arrangement  of  the  plant. 

Les  Plamores  Refiner//  at  Buxieres. 

The  refinery,  situated  only  300  yards  distant  from  the  shale-distillery, 
is  capable  of  dealing  with  1,800  gallons  of  oil  per  diem.  The  buildings, 
yards,  etc.,  cover  an  area  of  about  2*6  acres.     They  comprise  : — 

(1)  A  group  of  nine  boilers,  two  of  1,900  gallons  capacity,  and  seven 

of  460  gallons  capacity,  for  the  first  and  second  distillations. 

(2)  A  group  of  ten  boilers  of  400  gallons  capacity  for  the  third 

distillation. 

(3)  A  building  in  which  are  ten  tanks  with  revolving-stirrers  of 

440  gallons  capacity,  for  the  treatment  with  sulphuric  acid 
and  caustic  soda  and  washings  with  water. 

(4)  A  steam-engine  of  24  horse-power  for  working  the  pumps, 

mechanical  stirrers,  and  a  band  saw  for  the  cooperage. 

(5)  Two  steam-boilers. 

(6)  Cooperage  and  repairing-shop. 

(7)  Factory  for  wheel  grease  and  various   fats  and  oils  used   in 

manufactures. 

(8)  Bleaching  house  for  the  oils,  and,  finally,  a  series  of  storage- 

tanks,  holding  altogether  220,000  gallons. 

The  boilers  are  all  of  the  same  type,  a  horizontal  cylinder  of  sheet- 
iron  ;  and  the  process  of  distillation  is  accomplished  without  injection  of 
superheated  steam. 

To  take  an  example  : — The  400  gallons  boilers  consist  of  a  sheet-iron 
cylinder  10  feet  6  inches  long  and  3  feet  ?>  inches  in  diameter,  giving  an 
Internal  capacity  of  495  gallons,  hut  this  is  only  filled  up  to  four-fifths. 
The  still  is  placed  37.J  inches  above  the  fire-grate.  At  the  base  of  the 
boiler  is  a  pipe  with  a  2}  inches  tap  which  goes  through  the  wall  of  the 
kiln,  running  oil'  the  residues  of 'list illation  from  the  still  into  a  tank. 

Ai  the  top  of  the  still  is  a  man-hole  used  for  cleaning  purposes  and  as 
a  charging-hole.     To  a  third  aperture  is  affixed  the  long  neck  of  the  still 
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which  conveys  the  vapours  to  a  leaden  worm  1^  inches  in  diameter. 
The  latter  is  placed  in  the  worm-tub,  into  which  flows  a  continuous 
stream  of  cold  water  during  the  whole  period  of  distillation.  Thence 
the  oils  are  brought  into  a  tank  divided  into  1 1  gallons  compartments, 
and  communicating  by  pipes  with  the  special  troughs,  arranged  in  the 
cellars  of  the  refinery,  which  contain  the  acid  and  caustic  soda 
revolving-stirrers  and  washing-tanks. 

The  boilers  are  protected  from  the  immediate  contact  of  the  fire  by 
an  arch  built  over  the  furnace. 

The  revolving-stirrers  used  in  the  chemical  treatment  and  in  the 
washing  of  the  oils  are  rectangular  in  shape,  and  are  placed  in  cylindrical 
vessels.  They  are  arranged  in  two  ranges  at  different  levels,  the  washers 
at  the  lower  level  (washing  with  water  and  caustic  soda)  are  placed 
exactly  beneath  the  washers  on  the  higher  level  (washing  with  acid)  ;  and 
so,  by  simply  turning  on  the  taps,  the  oils  after  treatment  with 
acid  can  be  sent  direct  into  the  lower  series  of  tanks.  The  washing- 
tanks  are  made  of  steel  plate  (0*157  to  0*276  inch  thick).  Lead  lining 
has  long  been  dispensed  with  in  the  case  of  the  acid-tanks,  because  it 
necessitated  endless  repairs,  and  did  not  appear  to  assist  greatly  in  pro- 
longing the  life  of  a  tank. 

Each  washing-tank  is  furnished  with  two  taps,  one  at  the  bottom  for 
letting  out  acid  or  alkaline  residues,  the  other  6  inches  higher  up  for 
emptying  out  the  oils.  The  washing  apparatus  comprises  two  horizontal 
drums  with  sides  hollowed  out  in  the  shape  of  helicoidal  blades.  They 
are  set  in  motion  by  the  same  pinion,  with  a  vertical  axis,  which  makes 
each  revolve  in  opposite  directions. 

The  crude-oil  as  it  arrives  from  the  crude-oil  works  is  pumped  up  to 
a  tank  situated  at  a  level  higher  than  that  of  the  boiler  charging-inlets, 
the  boilers  being  thus  filled  by  simply  turning  on  the  taps. 

The  following  are  the  series  of  operations  and  treatments  included  in 
the  process,  as  also  the  yield  based  on  the  results  obtained  during  1891  : — 

I. — The  charges  in  the  first  distillation  are  made  up  to  460  gallons 
apiece,  the  average  yield  per  100  gallons  of  crude-oil  being  as  follows  :  — 

Gallons.  Density. 


Stream  A1        

51-61 

0830 

Stream  AA1     

>.)■:>:] 

0-880 

Stream  D  (green  <,ras-<>il) 

18-11 

0-925 

Tar  residue  F 

19-13 

1-01)1) 

Loss 

1-62 

— 

Total  100-00 
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The  oils  are  stored  in  separate  tanks  arranged  in  the  basement  of 
the  building,  and  are  subsequently  pumped  up  when  required  for  further 
treatment.  The  bar  residue  F  is  ran  in  a  fluid  condition  into  covered 
cisterns.     It  constitutes  a  marketable  product,  sold  for  asphalte  at  the 

rate  of  £5  per  ton. 

II. — The  oils  AA\  being  redistilled,  yield  per  loo  gallons  : — 

Stream  A1 

Stream  C        

Residue  F        

Loss      

Total        100-00 

III. — The  oils  A1  resulting  from  the  two  distillations  (I.  and  II.)  are 
mixed  together,  and  treated  with  acid  and  soda  in  440  gallons  charges. 
The  yield  per  100  gallons  is  : — 

Gallons.  Density. 

A2         87-63        ...        0-82G 

Loss      12-37         ...  — 


Gallons. 

Density. 

■1-7G 

0-835 

85-85 

0-880 

8-31 

1-000 

1-08 

— 

Total        100-00 

IV. — The  oil  A2  is  distilled  in  the  boilers  of  the  second  range,  and 
yields  per  100  gallons  : — 

Stream  A3 
Stream  H1 
Residue  J1 

Loss 

Total        100-00 

V. — The  oil  C1  obtained  in  distillation   II.  is  treated  with  acid  and 
soda,  and  yields  per  100  gallons  : — 

Gallons. 

C- 84-56 

Loss  15-14 


Gallons. 

Density 

60-49 

0-810 

30-25 

0-8G5 

7-8!) 

0-9G0 

1-37 

. 

Total 100-00 

VI. — The  oil  C2  is  then  distilled,  yielding  per  100  gallons 


Stream  II ' 
Stream  ('All1 
Residue  J1 
Loss 


Total       1U0-00 


•  rations. 

Density 

14-23 

0-870 

16-66 

0-890 

7-62 

0-940 

1-70 

— 
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VII. — The  oils  H1  resulting  from  operations  IV.  and  VI.  are  mixed 
together,  treated  with  acid  and  soda,  and  yield  per  100  gallons  : — 

Gallons.  Density. 

H2 92         ...         0-865 

Loss  8         ...  — 

Total 100 

VIII. — The  oil  H2,  on  being  once  more  distilled,  gives  the  following 
yield  per  100  gallons  : — 


Stream  A*        ...         

Gallons. 
60-64 

Density 
0-835 

Stream  K  (heavy  lamp  oil)... 

8-27 

0-870 

Stream  L        

21-66 

0-885 

Kesidue  J1       

7-70 

0940 

Loss      

1-73 

— 

Total         100-00 

IX. — The  oils  A3  resulting  from  operations  IV.  and  VIII.  are  treated 
with  acid  and  soda,  and  yield  per  100  gallons  : — 

Gallons.  Density. 

G  (marketable  lamp  oil)      ...         94-16         ...  0810  to  0*815 

Loss      5-84        ...  — 


Total        100-00 

X. — The  oils  L  and  CAH1  resulting  from  operations  VI.  and  VIII. 

are  mixed   together,  treated   with  acid  and   soda,  and   yield   per    100 

gallons  : — 

LA  (heavy  oil  for  lubricating  Gallons.                   Density. 

ami  cleaning)     94-88         ...         0-880 

Loss      ...         5-12 


Total        100-00 

XI. — The  residues  J1  from  operations  IV.,  VI.,  and  VIII.  are  mixed 
together  and  distilled,  yielding  per  100  gallons  : — 

Gallons.  Density. 

Stream  AH1  (gas  oil)  ...         84-98         ...        0-905 

Residues  F  (tar)         12S1         ...         F0C0 

Loss      2-21 


Total        100-00 

XII. — The  green  oils  D,  obtained  in  the  first  distillation,  are 
generally  sold,  such  as  they  are,  for  gas-oils.  Sometimes,  indeed,  they 
are  submitted  to  a  second  distillation  in  order  to  free  them  from  tar,  and 
the  yield  per  100  gallons  is  : — 

Gallons.  Density. 

Stream  B         83-00        ...  0-916  to  0-918 

Residues  F  (tar)         1400 

Loss      3-00 

Total        100-00 
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The  oils  B  arc  sold  for  light-coloured  gas-oils. 

The  fallowing  are  a  few  particulars  concerning  each  type  of  opera- 
tion : — 

Distillations. — In  the  460  gallons  boilers,  one  distillation  is  completed 
every  forty-eight  hours,  while  in  the  1,900  gallons  boilers  the  operation 
takes  from  eighty  to  eighty-five  hours.  The  actual  amount  of  time 
employed  in  a  distillation  of  400  gallons  of  crude-oil  may  be  reckoned  up 
as  follows  : — 

Hours. 

Charging,  and  starting  of  the  distillation     ...        ...        6 

Distillation:  properly  regulated   heating  so  as  to 

obtain  between  18  to  20  gallons  per  hour 20 

Cooling  down  of  the  kiln,  emptying  our  of  residues 

ForJJ  I 

Total       30 

For  every  distillation  of  400  gallons  27*5  bushels  of  coal  are  burnt.  The 
very  lowest  quality  of  coal  is  applied  to  this  purpose.  In  calorific  power 
it  is  just  about  equivalent  to  one-third  of  its  weight  of  good  coal. 

Mechanical  Washers. — In  order  to  wash  oils  A1  (operation  III.),  440 
gallons  arc  poured  into  the  washing-tank  set  aside  for  that  particular 
grade  of  oil.  The  water  is  decanted  off,  if  any  be  present,  and  the 
mechanical  washer  is  set  in  motion.  Then  4'4  gallons  of  acid  at 
66  degs.  Baume  are  poured  in,  and  the  stirring  is  carried  on  for  twenty  to 
thirty  minutes  (according  to  temperature).  The  liquid  is  then  allowed  to 
rest  for  an  exactly  similar  interval,  so  as  to  permit  of  all  the  tar  that  has 
been  formed  separating  out.  The  tar  is  decanted  off,  and  the  oil  is 
stirred  up  again  with  4*4  gallons  of  acid  for  twenty  to  thirty  minutes; 
and  after  another  interval  of  rest  decantation  is  again  resorted  to.  The 
whole  quantity  of  acid  used  in  this  operation  represents  a  percentage 
weight  of  Id. 

The  tap  which  communicates  with  the  lower  washing-tank  is  then 
turned  on,  and  while  the  oil  is  streaming  out,  the  jet  thus  formed  is 
sprayed  with  water  injected  at  high  pressure  into  a  watering-rose.  In 
this  way  the  oil  is  freed  from  a  portion  of  the  excess  of  acid  which  it 
now  contains.  The  water  is  then  carefully  decanted  oil',  ami  the  oil  is 
stirred  up  with  l-l  gallons  of  caustic  soda  (registering  82  to  :;.">  degs. 
lJaunie).       After    washing    for   fifteen   to    twenty    minutes,    the   liquid  is 

allowed  to  rest,  then  decantation  is  started,  and  thereafter  another 
washing  with  the  same  quantity  of  caustic  soda  as  previously  used  takes 
place.     The  oil    is  allowed    to   rest,   and    then   decanted  olY.     The  total 
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consumption  of  soda  per  operation  represents  a  percentage  weight  of  0*8. 
The  entire  operation  requires  from  three  to  four  hours. 

Oils  H1,  C1,  and  L  are  treated  in  the  same  manner,  but  the  operation 
lasts  longer,  as  it  is  found  more  difficult  to  get  the  tar  out  of  them. 
Moreover,  the  amounts  of  acid  consumed  are  different,  being  3*8  per  cent. 
in  the  case  of  H1,  and  6*6  per  cent,  in  the  case  of  C1. 

The  treatment  of  A3  with  the  view  of  obtaining  the  marketable  lamp 
oils  G,  colourless  or  white,  is  carried  out  with  extreme  care.  The 
quantity  of  re-agents  used  is  made  proportional  to  the  density  and 
depth  of  hue  of  A3.  Often  preliminary  experiments  are  made  in  order  to 
determine  the  most  suitable  proportion.  This  quality  of  oil  has  to  be 
thoroughly  washed  with  three  or  four  times  its  own  volume  of  water. 
The  amount  of  acid  used  is  generally  6-6  gallons  for  every  330  gallons, 
or  4-5  per  cent,  in  weight,  and  the  amount  of  soda  solution  averages 
3'3  gallons  (or  0*5  per  cent,  in  weight)  for  the  same  quantity  of  oil. 

The  oils  LA  (heavy  oils  for  lubrication  and  cleaning)  are  usually 
exposed  to  light  in  shallow  tanks  beneath  a  glass  roof,  so  as  to  clarify 
them  more  thoroughly  and  allow  them  to  bleach  to  the  light  tinge  pre- 
ferred in  the  trade. 

Workpeople. — Five  men  can  manage  all  the  distillations,  and  two  men 
the  washing.  Three  more  are  required  to  put  the  oil  into  barrels,  the 
cooperage  employs  one  or  two,  and  the  cartage  four,  or  sixteen  men  in  all. 
"Wages  vary  from  2s.  to  2s.  2d.  per  day. 

General  Results. — The  statistics  for  1891  show  that  the  factory  of 
Les  Plamores  dealt  with  256,000  gallons  of  crude-oil,  which  occasioned 
the  distillation  of  460,000  gallons,  or  171  per  cent,  of  the  crude-oil,  and 
the  treatment  with  acid  and  soda  of  180,000  gallons,  or  70  per  cent,  of 
the  crude-oil. 

One  hundred  gallons  of  crude  oil,  of  density  0'895,  yielded  the 
following  merchantable  products : — 


Density. 

Gallons. 

Gallons. 

G  Lamp  oil 

0*810  to  0*315 .. 

— 

35-00 

Heavy  oils — 

K  lamp  oil 

0-870 

1-28 

LA  oil  for  lubricating  and 

cleaning  ... 

0-880 

G-26 

AH1  Light-coloured  gas-oils 

0-905 

4-52 

D  Green  gas-oils  ... 

0-925 

18-11 

30-17 

F  Tars 

20-61 

Loss     ... 

14-22 

Total 

100-00 

w 

272  THE   OIL-SHAL!    IXl'TSTRY   OF    FRANCE. 

These  results  are  rather  more  favourable  than  the  average,  for  the  loss 
or  waste  often  amounts  to  18  per  cent.  And  thus  it  is  that  for  the  same 
year  the  results  obtained  at  another  factory,  that  of  Buxieres-la-Grue, 
figure  out  as  follows  : — 

Density.  Gallons. 

Lamp  oil 0-810  to  0-815  ...         29'90 

Heavy  oils            ...        31-82 

Tars           ...         19-61 

Loss           ...         18-67 


Total  .. 


inn-oil 


Density. 

Gallons. 

0-810       . 

35 

0-890       . 

38 

— 

15 

— 

12 

On  the  other  hand,  the  St.  Hilaire  factory  obtained  the  following 
yield  per  100  gallons  of  crude-oil  (density  0-875  to  0*880)  : — 

Lamp  oil 

Heavy  oils     ...         

Tars 

Loss 

Total       100 

It  may  be  concluded  that  the  average  loss  may  be  reckoned  at  about 
1 6  per  cent. 

Fuel,  Stores,  etc. — At  Les  Plamores  refinery,  7i  bushels  of  coal  of 
inferior  quality  were  burnt  for  every  100  gallons  of  oil  distilled,  or,  to 
put  it  in  another  way,  15  bushels  of  coal  for  every  100  gallons  of  crude- 
oil  treated.  This  coal,  priced  at  l*56d.  per  bushel,  is  equivalent  in 
calorific  power  to  about  one-third  of  its  volume  of  ordinary  coal.  So  thai 
the  fuel  consumption  may  be  stated  at  about  350  lbs.  of  ordinary  coal 
for  every  loo  gallons  of  crude-oil  treated,  and  the  expenditure  under  thai 
head  at  Is.  ll*3d.  per  100  gallons  of  crude-oil  treated. 

Of  sulphuric  acid  48*44  pounds  per  100  gallons  of  crude-oil  was 
consumed,  the  price  of  the  acid  delivered  at  the  refinery  being  £4  19s. 
per  ton,  or  0'529d.  per  lb. ;  this  puts  the  cost  of  the  acid  at  2s.  l*Gd.  per 
100  gallons  of  crude-oil. 

Of  caustic  soda  the  consumption  was  10*G4  lbs.  per  100  gallons  of 
oil  treated.  Delivered  at  the  refinery  the  soda  costs  £13  10s.  per  ton,  or 
1- 1'.)  Id.  per  lb.,  or  Is.  3*9d.  per  100  gallons. 

Manual  labour,  including  foremen's  wages,  loading  into  barrels,  etc., 
costs  4s.  1 1-7*1.  per  UK)  gallons. 

It  will  be  seen  that,  all  the  distillations  being  carried  out  by  five 
workmen,  50,600  gallons  of  crude-oil  are  treated,  and  92,000  gallons 
distilled  per  annum  per  man.  Chemical  treatment  being  carried  out 
by  two  workmen,  90,000  gallons  are  treated  per  annum  per  man.     This 
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is  a  very  large  output,  taking  into  account  the  multiplicity  of  operations 
comprised  in  the  complete  process  of  treatment. 

St.  Leger  Refinery,  near  Autun  (belonging  to  the  Lyonnaise  Company). 

This  factory  was  established  in  comparatively  recent  times,  and  is  of 
much  larger  proportions  than  the  other  shale-oil  refineries  of  Buxieres 
and  Autun.  For,  as  previously  mentioned,  not  only  are  all  the  crude-oils 
produced  by  the  Lyonnaise  Company  from  their  shale-distilleries  of  Les 
Telots,  Margenne,  Eavelon,  and  Igornay  treated  here  (992,882  gallons 
of  crude-oil  in  1891),  but  also  those  from  the  Muse  works  (163,746 
gallons  in  1891).  The  owners  of  the  last-named  works  sell  their  crude- 
oil  to  the  Lyonnaise  Company.  The  quantity  annually  treated  at  the  St. 
L^ger  refinery  amounts  then  to  something  like  1,166,000  gallons,  and 
that  factory  is  capable  of  dealing  with  much  larger  quantities. 

It  differs  from  the  other  factories  of  the  Autun  and  Buxieres  districts 
by  the  large  capacity  of  its  boilers  (1,320  gallons  for  the  distillation  of 
the  crude-oil,  and  2,200  gallons  for  the  succeeding  distillations).  These 
boilers  are  horizontal,  similar  to  those  of  Les  Plamores,  and  are  heated  by 
naked  or  direct  flame.  The  washing-tanks  are  also  on  a  larger  scale  than 
elsewhere  (880  gallons  instead  of  4-40). 

The  St.  L^ger  refinery  includes  the  following  plant : — 

(1)  Twelve  1,320  gallons  boilers  for  the  distillation  of  the  crude- 
oil  ;  five  2,200  gallons  boilers  for  the  further  rectification  of  the 
distilled  oil ;  and  three  400  gallons  boilers  for  the  distillation 
of  residues. 

(2)  Fifteen  mechanical  washers,  eight  for  acid  and  seven  for  soda. 

(3)  Motors  and  pumps  for  the  circulation  of  the  oils  and  of  the 

water  used  in  the  refrigerators  and  the  washing-tanks  (the 
amount  of  water  so  used  varies  from  350  to  530  cubic  feet 
per  diem). 

(4)  Crude-oil  storage -tanks,  where  the  oil,  brought  from  the  shale- 

works  in  tanks  on  wheels,  is  pumped  up  to  a  level  higher  than 
that  of  the  stills  of  the  refinery. 

(5)  Three   storage-tanks   surrounded  with  water,   representing   a 

total  capacity  of  286,000  gallons. 

(6)  Tanks  sheltered  with  glass  for  bleaching  the  oil,  and  terraces 

where  the  oil  in  glass  vessels  may  be  exposed  to  the  sun. 

(7)  Coopers'  shops,  repairing-shops,  etc.,  and  factories  for  carriage- 
wheel  grease  and  other  fats  and  oils  used  in  manufactures. 

(8)  A  small  factory  where  oil-gas  is  made  for  lighting  the  works. 
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The  refinery  is  well  provided  in  the  matter  of  space  :  the  distilling 
boilers  and  the  workshops  are  situated  at  such  a  distance  one  from  the 
cilicr  as  to  greatly  diminish  the  risks  of  fire  and  its  attendant  con- 
sequences. 

The  process  adopted  here  is  as  follows,  and  it  may  be  noted  that — as 
to  the  number  of  operations — it  is  rather  simpler  than  the  method  in  use 
at  Ties  Plamores  works  : — 

1. — The  crude-oil,  average  density  0*875,  is  charged  1,320  gallons  at 
a  time  into  the  boilers  of  the  first  distillation,  yielding  two  fractionation- 
products  and  a  tar  residue.  The  average  yield  per  100  gallons  of  crude- 
oil  is  as  follows  : — 


Density. 

Gallons. 

Stream  A,  oil  freed  from  tar... 

0-830  to  0-832     . 

..       58 

Stream  B,  green  gas  oil 

0-895 

..       23 

Residue  C,  tar 

0-960 

..       17 

Loss      

— 

2 

Total 


100 


Products  B  and  C  are  put  on  the  market  just  as  they  are. 

II. — The  oil  A  (freed  from  tar)  is  treated  with  acid  and  soda  (2  per 
cent,  acid  and  1  per  cent,  soda  at  36  degs.  Baume  in  volume,  equivalent 
to  4*2  per  cent,  acid  and  0*4  per  cent,  soda  in  weight).  In  this  way  86*5 
per  cent,  of  oil  A1  is  obtained,  of  density  0*825,  with  13*5  per  cent.  loss. 

III. — Oil  A1  is  redistilled  in  quantities  of  2,200  gallons  at  a  time, 
yielding  two  fractionation-products  and  a  residue.  The  yield  per  100 
srallons  of  A1  is  as  follows  : — 


Density. 

Gallons. 

Stream  A2,  lamp  oil            ...            0-810 

68 

Stream   D,  heavy  oil,  nick- 

named :     "  tail    o'    the 

stream" 0-868 

21 

Residue  K,  tar         0-900  to  0-910     . 

10 

Loss — 

1 

Total 


100 


IV. — Oil  A2  is  washed  with  acid  and  soda  (1  per  cent,  of  acid  and  1  per 
cent,  of  soda  in  volume,  equivalent  to  2*1  per  cent,  of  acid  and  0*4  per  cent, 
of  soda  in  weight).  In  this  way  95  per  cent,  of  marketable  lamp  oil  A3  is 
obtained,  density  0*806  to  0*807.     The  loss  is  5  per  cent. 

V. — Oil  1)  is  treated  with  acid  and  soda  (1*5  per  cent,  of  acid  and  0*5 
per  cent,  of  soda  in  volume,  equivalent  to  3  per  cent,  of  acid  and  0*2  per 
cent,  of  soda  in  weight).  The  average  yield  is  91  per  cent,  of  oil  D1,  den- 
sity 0-866,  the  loss  being  9  per  cent. 
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VI. —  Oil  D1  is  redistilled  in  the  1,320  gallons  boilers,  yielding  three 
fractionation-products  and  a  tar  residue  : — 


Density. 

Gallons. 

Stream  E,  heavy  oil  for  mixtures 

0-840 

43 

Stream  G,  heavy  lamp  oil 

0-860 

30 

Stream  H,  light-coloured  oil 

0-870 

16 

Residue  C,  tar      

Loss            

0-960 

10 
1 

Total      100 

VII. — Oil  E  is  washed  with  acid  and  soda  (l-25  per  cent,  of  acid  and 
1  per  cent,  of  soda  in  volume,  equivalent  to  2*5  per  cent,  of  acid  and  0*4  per 
cent,  of  soda  in  weight).  The  yield  is  94  per  cent,  of  oil  E1,  density  0*835, 
which  is  mixed  with  oils  A3,  so  as  to  obtain  ordinary  lamp  oil  of 
density  0*815. 

Oil  Gr  is  put  on  the  market  just  as  it  is,  for  Argand  lamps  of  constant 
level. 

VIII. — Oil  H  is  treated  with  soda  alone  (1  per  cent,  in  volume, 
equivalent  to  0*4  per  cent,  in  weight),  yielding  95  per  cent,  of  heavy  oil, 
density  0*868).  This  is  sold  for  mixing  with  lubricating  oils,  for  greasing 
moulds,  for  scouring,  etc. 

Tar  K,  obtained  in  process  III.,  is  mixed  either  with  the  green  gas- 
oils  or  with  the  other  tars. 

To  sum  up,  then,  the  following  are  the  products  obtained  for  every 
100  gallons  of  crude-oil  of  density  0*875  : — 


Density. 

Gallons. 

Gallons. 

(A3  +  E')  ordinary  lamp 

oil... 

0-815 

— 

36-48 

G,  heavy  lamp  oil 

0-860 

...      2-88 

Hl,  heavy  lubricating  oil 

0-868 

...      1-49 

B,  green  gas-oil 

0-895 

...    25-00 

29-37 

C,  Tar     

0-960 

— 

20-00 

Loss 

— 

— 

1415 

Total  100-00 

The  yield  of  lamp  oil  is  a  little  higher  than  that  obtained  from  the 
Buxieres  shales  ;  the  reason  being  that  the  crude-oil  from  the  Autun 
district  is  a  little  lighter  than  the  Buxieres  crude-oil. 

Distillation  takes  forty-eight  hours  (during  thirty-six  of  which  there 
is  a  stream  of  oil  flowing  out)  in  the  1,320  gallons  boilers  ;  and  sixty 
hours  (forty-two  of  stream)  in  the  2,200  gallons  boilers. 

The  coal  consumption  amounts  to  22  bushels  per  1,320  gallons  of 
crude-oil.    Epinac  coal  is  used  and  costs  6*07d.  per  bushel.     Thus,  for 
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100  gallons  of  crude-oil  1*6  bushels  of  coal  are  burnt.  As  the  complete 
fcreatmenl  of  LQO  gallons  of  crude  implies  the  distillation  of  1G0  gallons, 
the  total  coal  consumption  averages  about  2*6  bushels  of  coal  (Is.  3-8d.) 
per  100  gallons  of  crude-oil. 

The  washings  are  always  made  cold  ;  and  the  washing-tanks,  being 
very  large,  are  piovided  with  two  stirrers.  The  treatment  of  100  gallons 
of  crude-oil  implies  the  scrubbing  with  acid  and  soda  of  109  gallons.  The 
total  acid  consumption  is31'7  pounds  per  100  gallons,  and  the  soda  con- 
sumption 3-7  pounds  per  100  gallons. 

This  is  a  much  smaller  coal,  acid,  and  soda  consumption  than  in  the 
Buxieres  district,  the  reason  being  that  here  (Autun)  the  density  of  the 
crude-oil  is  less  ;  that,  consequently,  the  crude-oil  contains  less  heavy  oil 
and  tar,  and  so  less  coal  is  needed  for  distillation,  and  fewer  chemicals 
are  needed  for  purifying  the  oil.  But  it  must  be  remembered  that  this 
economy  is  counterbalanced  by  the  smaller  yield  of  crude-oil  from  the 
Autun  shales. 

The  total  number  of  workpeople  employed  in  connexion  with  distilla- 
tion, rectification,  etc.,  of  shale-oil  at  the  St.  Leger  factory  is  39,  dis- 
tributed as  follows  : — 

Workmen  employed  at  the  stills    ...  ...         ...  4 

Cleaning  of  furnaces,  etc.    ...         ...  ...          ...  1 

Chemical  purification  of  oils           ...         0 

Cooperage        ...         1 

Blacksmiths 2 

Carter  ...         ...         ...  ...         ...  1 

Warehouseman          ...         ...        ...  ...        ...  1 

Railway  men  ...         ...         ...          ...  ...         ...  2 

Various   (loading    in    barrels,    washing  of    glass 

vessels,  etc.)           ...        18 

In  addition  to  these  the  works  employ  six  men  in  gas  manufacture 
and  the  preparation  of  greases  and  fats. 

It  may  be  noted  that  five  men  suffice  for  all  the  distillations;  and 
as  1,156,928  gallons  were  distilled  in  1891,  this  implies  rather  more 
than  231, oNf)  gallons  per  man  per  annum,  a  much  larger  output  than  in 
tin'  department  of  the  Allier  (Buxieres).  The  reason  is  that  the  dis- 
tilling-plant  is  built  on  a  larger  scale,  while  manual  labour  has  been 
reduced  bo  a  minimum. 

U,  marks. — The  life  of  a  shale-distilling  retort  is  about  two  years :  the 
price  is  £10  per  ton.  The  53  cubic  feet  retorts  weighing  0,200  lbs. 
cost,  therefore,  Bomewhere  about  £27  15s.  each. 
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3. — Prime  Cost  and  Economic  Results. 

We  can  now  proceed  to  tabulate  the  cost  of  treatment  and  the  profits 
made  in  the  oil-shale  industry  of  Buxieres  and  Autun.  The  prime  cost 
of  the  crude-oil  varies  from  3*86d.  to  4*92d.,  and  averages  4-30d.  per 
gallon.  The  cost  of  refining  and  treating  with  chemicals  may  be  reckoned 
as  follows  : — 

(1)  The  cost  of  distilling  amounts  to  about  0*2 2  9d.  per  gallon  thus 
distributed  : — 

Per  Gallon. 
Pence. 

Overseer 0006 

Stokers      0-067 

Coal  0-095 

Repairs      0-013 

Miscellaneous      0-024 

Redemption  of  capital  ...         ...         ...         ...  0-024 

If  we  admit  an  average  of  175  gallons  distilled  for  every  100  gallons 
of  oil,  the  cost  of  distillation  for  every  gallon  of  crude-oil  treated 
will  be  1-75  x  0'229d.  =  (V401d. 

(2)  The  cost  of  treatment  with  chemicals  and  labour  averages  0"747d. 
per  gallon,  distributed  as  follows  : — 


Overseer    ... 

Per  Gallon. 
Pence. 

0-021 

Labour 

0-050 

Sulphuric  acid     ... 
Soda 

0-255 

0-160 

Repairs      

Steam-engines 
Miscellaneous 

0-054 

0-030 

0-088 

Redemption  of  capital  ... 

0-086 

If  we  admit  that  the  treatment  of  100  gallons  of  crude-oil  involves 
the  scrubbing  of  105  gallons,  the  cost  of  washing  will  be  seen  to  amount 
to  (1*05  x  0'747d.  =)  0"784d. 

The  cost  of  cartage,  loading  into  barrels,  etc.,  may  be  reckoned  at  the 
outside  at  0"lOSd.  per  gallon.  Whence  we  obtain  the  following  summary 
of  the  cost  of  treatment  (miscellaneous  expenditure  and  redenrption  of 
capital  included) 


Per  Gallon. 
Pence. 

Distillation 

o-ioi 

Chemical  treatment,  etc. 

0-784 

Cartage,  loading  into  barrels,  etc. 

0-108 

Total  cost 

1-293 

Profits. — The  profits  vary  greatly,  on  account  of  the  fluctuation  of 
selling  prices.     The  light  oils  obtained  from  the  Autun  and  Buxieres 
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Bhales  bum  with  difficulty.  Special  lamps  are  used  with  them,  and  their 
odour  is  rather  stronger  than  that  of  American  lamp  oils.  In  fact,  these 
shale-oils  are  largely  used  for  mixing  with  American   oil:  the  latter 

containing  a  larger  proportion  of  hydrogen  compounds  burns  mure  readily 
and  with  a  less  smoky  flame.  The  result  is  that  the  price  of  the  lamp 
oils  obtained  from  shales  is  always  very  much  lower,  by  at  least  Id.  per 
gallon,  than  that  of  petroleum.  Latterly,  indeed,  the  selling  prices  of 
shale-oils  have  fallen  seriously. 

The  prices  of  heavy  oils  have  undergone  similar  fluctuations,  while  the 
prices  of  tars  alone  have  remained  stationary.  We  tabulate  below  the 
maximum,  mean,  and  minimum  prices  per  gallon  which  have  ruled  within 
the  last  few  years  (the  minimum  prices  are  those  which  obtain  at  this 
moment)  for  each  class  of   product,  delivered  at   railway-station,   less 


; 

Lamp  oils   ... 

Maximum. 
Pence. 
12-954 

Medium. 
Pence. 

12090 

Minimum. 
Pence. 

9932 

Heavy  oils,  gas,  and 

other  oils 

7-773 

6-909 

6-045 

Tars             

— 

5-613 

— 

If  we  take  the  medium  prices  as  the  basis  of  estimate,  the  profit  per 
gallon  of  crude-oil  will  come  out  as  follows: — 

1. — Expenditure  per  Gallon  of  (' rude -oil. 

Pence. 

Price  of  1  gallon 4-300 

Cost  of  treatment  and  miscellaneous  expenses        1-293 

Total  cost     5-593 

2. — Products  per  Gallon. 

Pence 

0-32  gallon  of  lamp  oil  at  12-090d 3-869 

0-30  gallon  of  heavy  oil  at  6-909d 2-073 

0-20  gallon  of  tar  at  5-613(1 1-123 

Total         7-065 

The  profit  is  l*472d.  per  gallon.  With  the  low  prices  which  now 
rule,  the  profits  are,  of  course,  correspondingly  diminished  : — 

Pence.  Pence. 

0-32  gallon  at  9'932         ...         3178 

0-30  gallon  al  6-045        ...         1-813 

0-20  gallon  at  5-613         ...  1123 

Total         6-114 

The  reader  will  note  that  in  those  factories  where  the  prime  cost  of 
the  crude-oil  amounts  to  4fd.  per  gallon,  the  profits  at  the  present  day 
are  reduced  to  nil.     And  yet,  if  we  compare  the  statistics  of  prime  cost 
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nowadays  with  the  figures,  say  for  the  year  1871,  we  shall  see  what 
enormous  progress  has  been  made  in  the  direction  of  minimizing  that 
cost.  In  Mr.  Tournaire's  report  of  that  year,  on  p.  453,*  we  find  the 
following  figures  (for  fixed  retorts  heated  with  coal-fuel)  : — 

( 1 )  Prime  cost  per  cubic  foot  of  shale  : — 

Pence. 

Shale,  cost  of  working   ...         0-941 

Crushing 0-121 

General  management-expenses   and   redemp- 
tion of  capital...         ...         ...         ...         ...         0-l-lS 

Total  1-210 

(2)  Manufacture  of  crude-oil. — Cost  of  distillation  of  shale  per  cubic 
foot : — - 

Pence. 

Labour      0-228 

Coal  consumption  ...         ...         ...         ...         0-605 

Value  of  1  cubic  foot  of  shale 1-210 

Total  2-013 

These  results,  with  a  yield  of  0*31  gallon  per  cubic  foot  imply  a  cost 
of  6'55d.  per  gallon.  And  to  this  amouut  Mr.  Tournaire  added  l'293d. 
per  gallon  for  cost  of  management,  redemption  of  capital,  etc.,  in  connexion 
with  the  distillation  of  the  shale,  thus  bringing  the  prime  cost  of  crude- 
oil  up  to  7'85d.  per  gallon. 

With  the  Malo  revolving-retorts,  the  manufacture  of  crude-oil  costing 
only  l'928d.  per  cubic  foot  of  shale,  the  yield  being  0'37  gallon  instead  of 
0'31  per  cubic  foot,  and  the  working  expenses  being  slightly  lower,  the 
crude-oil  cost  only  6"126d.  per  gallon.  Here  was  already  a  long  step  in 
the  direction  of  economy,  but  the  use  of  the  shale  as  a  fuel  has  further 
reduced  the  prime  cost  by  30  per  cent.,  for  we  have  seen  that,  although 
the  prime  cost  of  the  shale  and  the  yield  in  oil  have  remained  stationary, 
the  crude-oil  now  costs  on  an  average  no  more  than  4-300d.  the  gallon. 

Lastly,  while  the  total  cost  of  clarifying  and  rectifying  one  gallon  of 
crude-oil  at  that  time  varied  between  2*107d.  and  2 "45 3d.,  according  to 
the  processes  employed  (see  Mr.  Tournaire's  report)  f,  that  expense  has 
now  been  reduced  to  1*2 93d.  per  gallon. 

The  reader  may  conclude  from  the  preceding  figures  how  great  is  the 
progress  accomplished  within  the  last  twenty  years  in  the  oil-shale 
industry  of  France. 

*  "Industrie  des  huiles  de  schiste  dans  l'Autunois,"  Annates  des  Mines,  1871, 
series  6,  vol.  xx.,  pages  317  to  471. 
f  Ibid.,  page  465. 
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4. — Comparison  of  the  French  Shale-oil  Industry  with  the 
Scottish.    Improvements  to  be  introduced  into  the  former. 

From  the  point  of  view  of  the  method  and  cost  of  working  or 
extracting  the  shale,  a  comparison  between  the  French  and  the  Scottish 
oil  industries  is  all  in  favour  of  the  first-named.  For  while  in  Scotland 
the  cost  of  a  ton  of  shale  is  5s.  6d.,  in  France  it  is  l*12d.  per  cubic  foot, 
or  2s.  9£d.  to  3s.  2d.  per  ton,  according  to  its  density. 

We  do  not  think  that  those  who  work  the  French  oil-fields  have  any- 
thing to  gain  in  that  direction,  the  prime  cost  of  the  oil-shale  being  at 
the  present  day  very  lowr  in  the  scale  of  mining  industries.  Moreover, 
we  have  seen  that,  despite  the  efforts  made  during  the  last  twenty-five 
years  to  reduce  the  prime  cost,  that  of  the  shale  has  remained  almost 
stationary. 

As  to  the  methods  of  purification,  or  refining,  apart  from  the  use  of 
superheated  steam — a  practice  which  is  invariably  advantageous  in 
fractional  distillation  of  oils  poor  in  burning  oil,  and  is,  in  fact,  followed 
in  the  Russian  petroleum- refineries — we  do  not  see  that  there  is  any 
improvement  to  be  copied  from  the  Scottish  works. 

But  it  is  far  otherwise  with  the  distillation  of  the  shales,  a  process 
which  is  a  great  feature  of  the  Scottish  industry,  and  is  marked  off 
from  the  French — Firstly,  by  the  intervention  of  superheated  steam 
abundantly  injected  into  the  mass  of  shale  ;  and,  secondly,  by  the  gradual 
heating  of  the  shale  (the  temperature  being  low  at  the  beginning  of  the 
charge  at  the  top  of  the  retorts,  and  ending  with  a  white  heat  at  tin- 
bottom  of  the  apparatus  which  is  made  of  firebrick — a  temperature 
that  cannot  be  reached  in  the  French  cast-iron  retorts). 

In  the  experiments  described  in  Messrs.  Chosson  and  Tourna ire's 
reports,  it  had  already  been  shown  that  the  presence  of  water  in  the 
sliiles  seemed  up  to  a  certain  point  to  favour  the  formation  of  oil;* 
while,  on  the  other  hand,  Mr.  Tonrnaire  in  the  course  of  laboratory  dis- 
tillations carried  to  a  far  higher  temperature  than  any  reached  in  the 
crude-oil  works,  had  obtained  a  yield  of  crude-oil  much  greater  than  that 
of  the  Malo  retorts  (as  much  as  L8  gallons  per  ton  of  shah'),  and  greater 
than  that  of  the  retorts  now  in  use.  And  even  then  the  residues  he 
obtained  lost  18  per  cent,  of  their  weight  on  calcination,  leading  one  to 
infer  that  the  maximum  limit  of  yield  had  not  yet  been  touched. 

Although  we  d<>  not  wish  to  imply  that,  given  the  Scottish  apparatus. 
French   shales  would  show   a  yield  of  oil  comparable   to   that  of  the 

*  Annales  des  Mines,  LS71,  series  6,  rol,  xx.,  pages  360  and  443. 
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Scottish  shales — whose  very  appearance  denotes  that  they  are  very  much 
richer  in  bituminous  matter — we  may,  at  all  events,  be  allowed  to 
conclude  from  Messrs.  Chosson  and  Tournaire's  experiments,  and  from 
the  results  obtained  in  Scotland,  that  progressive  distillation  terminating 
at  a  very  high  temperature  would  considerably  increase  the  yield  from 
the  Buxieres  and  Autun  shales.  Notwithstanding  the  impossibility  of 
realizing  in  a  laboratory  apparatus  the  conditions  of  distillation,  such  as  it 
is  practised  in  Scotland,  we  have  tried  to  ascertain  what  is  the  part 
played  by  steam  in  that  process  by  distilling  Buxieres  shale  in  stone 
retorts  of  0*22  gallon  capacity,  firstly,  without  steam,  and  then  with 
injection  of  superheated  steam.  We  used  shale  taken  from  a  special  lot 
which  had  been  the  subject  of  an  investigation,  kindly  conducted  at  the 
author's  request,  by  Mr.  Roux  (engineer  of  the  mines  and  works  of 
Buxieres-les-Mines  and  La  Courolle),  in  order  to  determine  exactly  the 
industrial  yield  of  the  shale  which  we  proposed  to  experiment  with.  This 
shale  gave,  at  the  works,  the  following  results  : — 

Weight  per  cubic  foot,  when  crushed         ...  61  ponnds. 
Yield  in  crude-oil  0-374  gallon  per   cubic 

foot,  of  density  0915  at  59  degs.  Fahr. ...  12-76  gallons  per  ton. 

Ammoniacal  waters    ...  ...         ...         ...  11-66         „  „ 

A.  Distillation  of  1'102  lbs.  of  shale  broken  into  little  bits,  but  cleared 
from  dust,  yielded  in  the  laboratory,  without  injection  of  steam,  1*28 
cubic  inches  of  crude-oil,  density  0*973  at  57  degs.  Fain*.,  and  1  cubic 
inch  of  ammoniacal  water,  which  is  equivalent  to  a  yield  per  ton  of  9 '24 
gallons  of  oil,  and  7*26  gallons  of  ammoniacal  water. 

B.  With  injections  of  superheated  steam  the  same  weight  of  shale 
yielded  2'56  cubic  inches  of  crude-oil  of  density  0-955,  or  a  yield  per  ton 
of  18-48  gallons. 

In  each  operation  the  entire  quantity  of  oil  was  distilled  in  one  hour 
from  the  time  when  the  heating  was  started.  The  quantity  of  steam 
injected  in  the  course  of  the  second  operation  (which  was  performed  in  a 
tubular  stone  retort)  was  0*661  lb.  The  steam  at  212  degs.  Fahr.,  intro- 
duced into  the  upper  portion  of  the  retort,  was  superheated  in  its  passage 
through  the  tubes  by  the  pumice  which  filled  them  right  down  to  the 
bottom  of  the  retort.  In  both  cases  the  heating  was  done  by  charcoal  in 
a  reverberatory  furnace.  It  was  made  as  gradual  as  possible,  and  was 
terminated  at  a  bright  red  heat,  kept  up  for  an  hour  after  the  stream  of 
oil  had  entirely  ceased  running. 

In  the  dry  distillation  the  yield  was  markedly  inferior  to  the 
industrial  yield  ;  on  the  other  hand,  the  latter  was  far  outstripped  in  the 
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distillation  accompanied  by  injection  of  superheated  steam.  It  may  be 
that  the  former  result  is  due  to  the  loss  of  bituminous  matter,  adhering 
to  the  sides  of  the  retort  and  undergoing  pyrogen  ic  decomposition  into 
gas  and  coke,  which  is  proportionately  greater  the  smaller  the  apparatus 
used  ;  and  also  due  to  the  fact  that  the  neck  of  the  stone  retort,  through 
which  the  distilled  products  made  their  way  out,  was  perforce  extremely 
hot.  To  the  same  causes  we  may  attribute  the  greater  density  of  the  oils 
obtained  in  the  laboratory.  Lastly,  as  we  were  unable  to  make  these 
laboratory  experiments  until  ten  months  after  the  mining  of  the  shale, 
the  shale  had  necessarily  lost  water  (as  shown  by  the  small  ammoniacal- 
water  yield  of  the  dry  distillation),  and  this  circumstance  may  well  have 
contributed  to  diminish  the  yield  of  crude-oil. 

But  whatever  may  be  the  cause  of  the  inferiority  of  the  yield  in  our 
laboratory,  as  compared  with  the  industrial  yield,  the  fact  that  operation 
B,  conducted  as  regards  heating  under  precisely  the  same  circumstances 
as  operation  A,  but  with  the  intervention  of  steam,  has  given  a  yield  of 
crude-oil  exactly  double  that  obtained  from  operation  A  conducted  in  the 
dry,  that  fact,  we  say,  naturally  leads  to  the  conclusion  that  the  inter- 
vention of  steam  considerably  increases  the  yield  of  crude-oil. 

That  increase,  according  to  the  author's  experiment,  is  due  rather  to  the 
smaller  proportion  of  gaseous  products  dissociated  by  the  heat  than  to  the 
action  of  the  steam  upon  the  hydrocarbon  compounds  contained  in  the  shale, 
for  the  residues  from  operations  A  and  B  have  shown  almost  exactly  the 
same  loss  of  weight  on  calcination  :  9  per  cent,  in  the  residues  of  the  dry 
distillation,  and  8*35  per  cent,  in  the  residues  from  the  distillation  with 
steam.  "We  may  add  that  the  oil  from  operation  B  appeared  much  more 
paraffin-like  than  that  from  operation  A,  for  in  spite  of  its  lower  density 
it  solidified  at  57  degs.  Fahr.,  while  the  oil  from  the  other  distillation 
remained  liquid  at  that  temperature.  The  very  small  difference  in  the 
loss  on  calcination  of  the  two  residues  from  the  respective  operations  leads 
one  to  imagine  that  steam-injection  could  be  introduced  without  inter- 
fering with  the  present  use  of  the  residues  for  fuel. 

It  must,  of  course,  be  understood  that  we  do  not  pretend  to  deduce 
from  these  experiments  anything  else  but  the  direction  in  which  the 
injected  steam  exerts  its  Influence.  It  would  only  be  from  distillations 
carried  out  in  Scottish  retorts  with  Bnxieres  or  Autun  shale  that  one 
would  be  in  a  position  to  judge  whether  the  increased  yield  would  justify 
a  very  costly  modification  of  plant.  Supposing  the  residues  could  no 
longer  be  used  for  heating  the  retorts,  special  fuel  would  have  to  be  used 
in  gas  producers.     It  is  true  that,  just  as  in  Scotland,  the  fuel  consump- 
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tion  could  be  reduced  by  utilizing  the  combustible  gases  which  are  almost 
universally  in  the  French  shale  industry  allowed  to  run  to  waste. 

In  making  such  calculations,  one  would  also  have  to  take  into  account 
a  probable  increase  in  the  yield  of  ammonia  and  in  the  percentage  of 
paraffin  (allowing  of  the  extraction  of  these  products),  as  well  as  a  certain 
improvement  in  the  quality  of  the  crude-oil,  the  latter  smelling  less 
strongly  when  the  shale  has  been  distilled  in  the  presence  of  steam. 


The  following  paper  by  Mr.  W.  S.  Gresley  on  "  Spontaneous  Combus- 
tion in  Coal-mines,"  was  taken  as  read : — 


284  SPONTANEOUS   COMBUSTION    IN    COAL-MINES. 


SPONTANEOUS  COMBUSTION  IN  COAL-MIX  Es. 


By  W.  S.  GRESLEY. 


The  following  remarks  on  the  spontaneous  combustion  of  coal  do 
not  apply  to  other  materials  underground  which  may  have  in  some  cases 
caused  mine-fires,  and  may  be  considered  as  a  supplement  to  the  previous 
papers  and  discussions  on  this  important  question.* 

The  writer,  though  now  resident  in  the  United  States,  was  engaged 
for  many  years  in  the  Leicestershire  and  South  Derbyshire  coal-field,  and 
had  some  experience  of  gob-fires  there,  especially  in  the  main  scam.  In 
regard  to  wax-walls  and  clay-dabbing,  there  are  at  least  two  objections 
to  their  use.  Firstly,  unless  constantly  attended  to  they  dry,  shrink,  and 
crack,  and  let  air  in  ;  secondly,  mice  and  rats  bore  holes  through  them 
i  n  order  to  get  access  to  the  gobs,  or  to  escape  being  buried  alive  in  the 
wastes,  causing  a  further  source  of  leakage  of  air  through  the  wax-walls. 
These  leakages  in  wax-walls  were  always  most  serious  in  the  pits  in  which 
the  furnace  upcast-shaft  was  used  for  winding  coal ;  because  the  cages 
operated  to  the  detriment  of  the  ventilating-current.  When  kept  damp 
and  free  from  cracks  they  are  efficient,  but  it  is  then  imperative  that  all 
parts  of  them  should  be  accessible  at  all  times,  and  this  causes  great 
additional  cost.  In  working  the  main  coal  of  the  former  coal-field,  fire- 
stink  would  sometimes  (though  rarely)  appear  in  cracks  or  open  joints  in 
the  floor-coal,  which  was  not  raised,  between  the  hauling-roads  and  the 
air-courses  driven  in  this  floor-coal  under  or  a  little  on  one  side  of  the 
gobs ;  at  other  times  gob-fires  arose  in  small  heaps  of  slack  by  the  road- 
side, or  even  inside  the  gobs  at  points  where  stalls  or  longwall  working- 
faces  were  opened  off  from  the  edges  of  shaft  or  other  pillars.  Sometimes 
there  were  no  stinks  until  the  roof-coals  and  shales  broke  down  in  the 
wastes,  when  working  on  the  improved  system  of  longwall-withdrawing. 
This  method  of  working  the  main  seam  proved  very  beneficial,  and  was 
adopted  by  the  late  Mi'.  .T.  T.  Woodhouse  about  18G2,  at  the  Oakthorpe 
pit,  Derbyshire.  With  this  method  there  was  an  almost  entire  cessation 
of  gob-fires,  the  ouly  occasions  when  tire-stink  appeared  being  daring 
prolonged  stoppages  of  the  face  due  to  dull  trade,  strikes,  etc.,  but  on 

*  Trans,  Fed.  Inst.,  vol.  i\\.  page  181  :  vol.  v..  pages  10  and  392, 
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resuming  work  these  stinks  were  soon  smothered  and  left  behind  in  the 
gobs.  The  change  of  system  also  very  much  reduced  the  temperature  of 
the  pit,  besides  benefiting  the  ventilation  in  no  small  degree  ;  the  con- 
sumption of  prop-wood  was  also  very  considerably  reduced. 

Another  rather  curious  fact  occurs  to  the  writer  in  this  connexion  in 
regard  to  the  working  of  the  main  coal  on  the  western  edge  of  this  coal- 
field (so  far  as  proved  beneath  the  Permian  formation).  So  long  as  the 
roof-coals  and  accompanying  fireclays  lay  immediately  over  the  coal 
which  was  being  worked  (the  lower  divisions  of  the  seam),  there  was  a 
strong  tendency  to  gob-heating  and  firing  of  the  solid,  but  cracked,  coal- 
seam.  But  where  these  overhead  coals  and  clay-layers  were  replaced  by  a 
roof  of  shale,  rocky  bind,  and  sandstone  rock,  heating  and  gob-fires,  the 
writer  believes,  were  never  seen  nor  expected,  irrespective  of  the  method 
of  working.  "Whether  the  difference  of  character  of  the  roof  was  the  real 
cause  of  the  trouble  may  be  a  question,  but  the  writer  is  inclined  to  think 
that  the  coal  with  the  sandstone  and  shale  roof  was  of  a  different  chemical 
composition,  unfavourable  to  spontaneous  heating. 

In  the  United  States,  notwithstanding  that  almost  every  grade  or  variety 
of  coal,  from  graphitic  anthracite  to  bituminous  coal  (including  cannel) 
is  mined  from  Ehode  Island  on  the  east  to  the  State  of  Indiana  in  the 
west,  a  distance  of  some  1,150  miles,  and  that  almost  every  variety  of 
method  of  working  (especially  of  room  and  pillar)  is  practised,  such 
offering  every  facility  for  creating  gob-fires,  the  writer  has  not  yet  met 
with,  heard  or  read  of  a  single  dona-fide  case  of  spontaneous  combustion 
of  coal  in  a  mine.  This  observation  applies  to  the  coal-regions  of  the 
Northern  States  and  of  "West  "Virginia.  "Whether  they  have  gob-fires  in 
the  other  Southern  States  of  the  Appalachian  coal-field  or  not  he  cannot 
say.     Now,  this  fact,  if  strictly  true,  is  somewhat  remarkable. 

In  Illinois,  gob-fires  do  occur,  both  in  the  north  and  the  south  of  that 
coal-region.  They  often  give  trouble  in  Iowa,  too,  and  how  much 
farther  west  of  the  Mississippi  river  the  writer  does  not  know. 

In  northern  Illinois,  at  the  Spring  Valley  mines,  in  Bureau  County, 
105  miles  west  of  Chicago,  gob-fires  do  not  make  their  appearance  unless 
there  is  a  lengthy  stoppage  or  shut-down  of  the  workings  due  to  a 
strike.  The  seam  in  question  is  the  lowest  but  one  in  the  Coal-measures, 
being  about  3^  feet  thick,  with  a  bastard  fireclay  floor  and  a  soft  shale 
roof.  The  thickness  of  the  coal  is  wonderfully  uniform,  and  apparently 
has  no  break  or  fault  of  any  extent  over  tens  of  thousands  of  acres. 
The  coal  in  burning  emits  much  smoke,  and  it  contains  a  good  deal  of  iron 
pyrites  in  hard  nodular  streaky  patches  as  well  as  in  the  laminae  or  bedding- 
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planes.  Chemical  analyses  give  from  11  to  12  per  cent,  of  moisture. 
The  coal  is  non-caking.  It  is  worked  on  the  gob-road  longwall  system 
entirely,  keeping  the  working-faces  as  near  as  practicable  in  a  eircle  all 
round  the  shaft  and  shaft-pillar,  the  seam  lying  practieally  dead  level. 
The  workings  are  quite  dry,  being  350  to  500  feet  deep,  but  salt  water 
shows  itself  in  the  floor  when  holes  are  excavated  3  or  1  feet  deep  in  it. 
Tin  shutting-down  of  the  mines  daring  long  strikes  in  1889  and  1891 
caused  the  caving-in  of  many  of  the  haulage-ways,  air-courses,  and  faces, 
thus  stagnating  and  even  blocking  off  the  ventilating-curivnts  in  some  por- 
tions of  the  pits.  When  the  falls  came  to  be  cleaned  up  and  the  ventilation 
restored  the  workings  were  intensely  hot,  but  no  fire  was  found.  How- 
ever, some  months  afterwards  gob-heat  and  fires  developed  themselves  in 
the  gobs  between  the  pack-walls  in  several  places  in  one  or  two  of  the  pits, 
giving  some  little  trouble  at  the  time.  The  peculiar  feature  about  these 
fires  was  that  they  all  occurred  just  about  on  the  line  of  the  old  faces  at 
the  time  these  were  abandoned  when  the  men  came  out  on  strike.  This 
circumstance  would  seem  to  show  that  the  burying  or  gobbing  of  the 
slack  and  broken  coal  which  was  necessary  in  re-opening  the  faces,  caused 
the  mischief — coal  in  lumps,  slack,  pyrites,  clay,  and  shale  would  then  all 
be  shovelled  back  into  the  wastes  together,  and  being  more  or  less  decom- 
posed from  exposure  would  doubtless  favour  heating,  which  ultimately 
resulted  in  red-hot  gobs.  Since  these  strikes  the  pits  have  worked  steadily 
and  there  have  been  no  more  fires  or  even  fire-stinks,  notwithstanding 
that  the  fans  are  reversed  from  exhausting  to  blowing  in  midwinter, 
when  it  is  too  cold  for  the  men  and  mules  working  at  the  pit-bottoms  and 
on  the  intake  airways.  It  is  true  that  the  pack-walls  are  now  put  in  more 
substantially  than  heretofore,  and  much  less  debris  is  raised  to  the 
surface.  In  southern  Illinois  they  get  gob-fires  in  pillar-and-stall 
workings,  but  under  what  conditions  the  writer  does  not  know. 

In  Iowa,  railway  embankments,  largely  made  of  unsaleable  screenings. 
have  taken  fire  spontaneously,  and  gave  much  trouble.  Iowa  coals 
probably  contain  quite  as  much,  if  not  more,  moisture  than  the  coals  of 
Illinois,  and  the  Iowa  coals  do  not  cake.  The  percentage  of  water  or 
moisture  in  a  coal  has  a  close  connexion  with  the  question  of  its  capacity 
for  spontaneous  combustion.*  The  following  statements  seem  to  merit 
more  close  attention  from  chemists  and  those  interested  in  the  question. 

The  semi-lignitic  aspect  of  the  Illinois  coals  closely  resembles  the 
coal  of  Brora,  in  Sutherlandshire,  a  particularly  troublesome  seam  to 
work  on  account  of  gob-fires. 

*  Tram.  Fed.  Inst.,  vol.  v..  pane  399. 


SPON'TAXKOUS   COMBUSTION   IX   COAL-MINES. 


287 


Notice  also  the  large  percentages  of  water  contained  in  the  coal  of  the 
Central  United  States  fields  ranging  from  3  to  12  per  cent.,  the  latter 
being  the  more  common.* 

In  New  Zealand,  Mr.  G-.  Binns  saysf  many  of  the  coal-beds  run 
high  in  moisture,  ranging  from  16  to  20  per  cent.,  and  it  is  well  known 
that  spontaneous  combustion  occurs  in  some  of  the  New  Zealand  coal- 
mines. 

Mr.  Joel  Settle  did  not  inform  us,  in  his  paper  on  North  Staffordshire 
gob-fires,  whether  it  was  the  coking  or  the  other  kind  of  coal  of  the  bull- 
hurst  seam  that  caused  the  trouble  :  and  the  writer  believes  that  seams 
of  good  coking-coal  or  of  good  gas-coal  are  not  of  a  gob-firing  character. 

Prof.  Richters  has  shown  conclusively  that  the  coals  most  liable 
to  spontaneous  ignition  are  not  those  which  contain  most  pyrites,  but 
that  this  property  is  principally  due  to  the  atmospheric  oxidation  of 
the  organic  substance  of  the  coal.  The  following  tablej  gives  his 
classification  of  eleven  varieties  of  coal,  according  to  the  degree  of  their 
self-inflammability  : — 


Degree  of  Self-inflammability. 

Iron  Pyrites. 

Water. 
Per 

Character  of  th    Coal. 

Class  I.— 

Per  Cent. 

Cent. 

Difficultly  self-inflammable . 

.   1 

1-13 

2-51 

Easily  friable. 

2 

1-I0to3-04 

2-75 

Very  compact. 

3 

1-54 

3-90 

■•          >i 

Class  II. — 

Of  medium  self-inflammability  4 

1-20 

4-50 

Firm  schistose,  bright. 

5 

108 

4"55 

Hard,  but  very  brittle. 

6 

1-15 

4'75 

Moderately  tender. 

Class  III.— 

Readily  self-inflammable 

.  7 

1-12 

4-85 

Outwardly  very  like  No.  1. 

8 

1-00 

9-01 

Moderately  tender,  schistose 

9 

0-83 

5-30 

„           soft,            ,, 

10 

1-35 

4-85 

?)             jj               j) 

11 

0-84 

5-52 

Not  stated.     Yielded  only 
2'50    per    cent,    of    asii. 
From  the  same  pit  as  No 
10,  but  from  a  different 
seam.      Eernarkable   for 
its   great   self-inflamma- 
bility. 

The  water  percentages  in  the  above  table  are  worthy  of  particular 
attention,  as  they  increase  with  the  increasing  self-inflammability  of  the 
coal. 

*  Economic  Geology  of  Illinois,  vol.  i. 
f  Trans.  Fed.  Inst.,  vol.  v.,  page  31. 

X  The  coals  would  appear  to  be  those  of  the  Prussian  coal-region,  since  Prof. 
Piichters  was  connected  with  the  Mining  School  of  Waldenburg. 
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There  is  no  doubt  that  burning  gob-piles  on  the  surface  have  a  great 
affinity  for  moisture,  and  they  blaze  more  brightly  on  wet  and  stormy 
nights  than  during  calm  and  dry  weather.  The  interiors  of  wet  haystacks 
grow  hot,  dry  ones  never.  The  writer  has  heard  mine  foremen  say,  "  if 
you  want  to  start  a  fire  in  this  pit,  throw  some  water  over  a  heap  of  slack 
and  scatter  a  few  shovelfuls  of  mining-dirt  (clay)  upon  it,  and  you'll 
soon  have  it  on  fire." 

What,  therefore,  is  the  precise  connexion  between  a  coal  containing  a 
high  percentage  of  moisture  and  its  proneness  to  take  fire  spontaneously  ? 
Is  it  the  extra  quantity  of  oxygen  therein,  or  what  ? 


The  following  paper  by  Mr.  D.  Murgue  on  "The  Friction  of,  or 
Resistance  to,  Air-currents  in  Mines,"  was  taken  as  read  : — 
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THE  FRICTION  OF,  OR  RESISTANCE  TO,  AIR-CURRENTS 

IN  MINES.* 


By  DANIEL  MURGUE. 

10. — Appendices.! 
A. — Table  of  Observations  and  Calculations. 

Table  I.J  contains  the  results  of  all  the  observations  recorded  in  the 
course  of  the  experiments  or  the  subsequent  calculations,  arranged  in  due 
sequence. 

The  specific  gravity  of  the  air  varied  appreciably  in  the  twelve 
experiments,  and  all  the  observations  have  been  reduced  to  the  mean  value 
of  0*0750  pound  per  cubic  foot  (T200  kilogrammes  per  cubic  metre). 

The  areas  and  perimeters  of  the  galleries  were  measured  at  intervals 
of  32*8  feet  (10  metres),  except  in  No.  6  experiment,  when,  on 
account  of  the  unusually  long  distance  traversed,  the  intervals  were 
doubled  65*6  feet  (20  metres). 

Those  points  of  the  measurement-area  where  anemometrical  (air- 
velocity)  observations  were  taken  are  shown  in  Figs.  7,  8,  9,  10,  11,  12, 
14,  16,  17,  18,  19,  and  20  (Plates  V.,  VI.,  and  VII.§),  on  which, 
moreover,  the  curves  of  equal  velocity  are  also  delineated.  In  No.  11 
experiment,  anemometer  C  broke  down,  and  the  measurements  were 
perforce  continued  with  only  three  instruments. 

All  the  calculations  were  made  with  the  help  of  Lalande's  tables  of 
logarithms  ;  these  were  very  convenient  for  the  purpose — taking  into 
account  the  degree  of  approximation  which  was  considered  adequate. 
The  calculations  might  have  been  made  to  within  one-millionth  ;  but, 
as  it  was  probable  that  so  near  an  approximation  would  be  found 
delusive,  they  have  only  been  carried  (in  the  present  paper)  to  the  one 
hundred-thousandth  part. 

*  Trans.  Fed.  Inst.,  vol.  vi.,  page  135. 
f  Translated  by  L.  L.  Belinfante,  B.Sc. 

%  Table   I.  has   not   been  reproduced,  as  the  details  of  the  observations   are 
sufficiently  set  forth  in  the  descriptions  of  the  experiments. 
§  Trans.  Fed.  Inst.,  vol.  vi. 
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B. — Influence  of  the  Velocity  ami  Density  of  the  Air  on  tlie  Loss  of 

Pressun . 

If  the  laws  which  govern  the  mechanics  of  fluids  be  applied  to  the 
circulation  of  air  in  underground  galleries  they  will  show  clearly,  on  the 
hypothesis  that  the  loss  of  head  arises  solely  from  the  unevenness  and 
ruggedness  of  the  sides,  that  this  loss  varies  directly  as  the  density  of  the 
air  and  as  the  square  of  its  mean  velocity. 

If  A  B,  (Fig.  22,  Plate  VIII.)  be  a  length  of  gallery,  with  a  mean 
area  s,  through  which  in  every  second  a  volume  of  air  Y  flows  with  a 

velocity  v  =  -    .     The  protuberance  C  represents  an  unevenness  of  roof 

reducing  the  sectional  area  to  s'  ;  this,  consequently,  produces  an 
acceleration   of  velocity,    the   latter   assuming    momentarily   the   value 

V 

v'  =   —  and  diminishing  again  (beyond  the  protuberance)   to  its  initial 

value.  If  this  protuberance  were  preceded  and  followed  by  a  progressive 
curvature  of  the  roof  (as  shown  by  the  dotted  line),  corresponding  to  the 
depression  of  the  seam,  the  amount  of  pressure  absorbed  in  overcoming 
the  obstacle  would  be  restored  after  passing  the  obstacle,  and  there 
would  be  no  loss.  But  the  sudden  widening  beyond  the  protuberance 
causes  a  swirling  and  eddying,  and  a  loss  of  pressure  which  is  measured 
by  the  air-column  due  to  the  loss  of  velocity  :* 

2g\s'~~s)~2g\s'  s  J  ' 
This  height  of  motive  column  is  expressed  in  feet  of  air  of  the  same 
density  as  that  in  motion.  If  this  value  be  multiplied  by  the  weight  d  of 
a  cubic  foot  of  the  air,  it  will  give  the  corresponding  pressure  per  square 
foot,  or  (supposing  that  mode  of  expression  be  preferred)  if  it  be  multi- 
plied by  L2  and  the  result  divided  by  the  weight  /*  of  a  cubic  foot  of 
water,  the  product  will  be  the  height  in  inches  of  the  water-column 
which  is  exactly  equal  to  it  : — 

ft  =  12iVVl._J_\>. 

I >-li i      \  S  8  ' 

What  has  just  been  set  forth  concerning  a  single  protuberance  can 
evidently  be  repeated  in  regard  to  every  other  protuberance,  great  or 
small,  in  the  sides  ;   and,  therefore,  for  an  unlimited  length  of  gallery  : — 


1W- 


c-]y 

\  s  S    J 


v*g 

•  Mr.  Haton  do  la  Goupilliere,  Court  de  MaoMnet,  vol.  i.,  page  85. 
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So  that  the  loss  of  pressure  is  proportional,  as  asserted,  to  the 
density  of  the  air  and  to  the  square  of  the  volume,  or  (what  comes  to  the 
same  thing)  to  the  square  of  the  mean  velocity. 

It  is  true  that  the  formula  here  used  presupposes  certain  particular 
conditions  which  are,  perhaps,  not  entirely  realized  in  practice,  and  thus 
it  became  a  matter  of  some  importance  to  verify  experimentally  the  above 
conclusions  before  assenting  to  their  validity.  This  has  been  done  so  far 
as  the  mean  velocity  is  concerned,  in  the  manner  described  in  section  3 
of  this  paper.* 

C. — Correction  of  the  Anemometers. 

The  apparatus  used  for  calibrating  the  four  anemometers  was 
arranged  on  a  turning-lathe  in  the  repairing  shop  (Fig.  23,  Plate  VIII.) . 

A  horizontal  shaft  fixed  in  the  axis  of  the  lathe  drove  a  vertical  shaft 
by  bevel  wheels.  The  vertical  shaft  carried  at  its  top  a  rigid  and 
straight-edged  wand  G"56  feet  (2  metres)  in  length,  similar  in  every 
respect  to  those  which  supported  the  anemometers  in  the  experiments  in 
the  mines.  The  various  combinations  whereof  the  change  wheels  of  the 
lathe  were  susceptible  enabled  this  apparatus  to  be  driven  at  very  diverse 
velocities. 

When  an  anemometer  was  to  be  calibrated,  it  was  fixed  at  one  end  of 
the  wand  in  the  position  shown  by  Figs.  24  and  25  (Plate  VIII.).  Its 
centre  described  then  a  circle  12*96  feet  (8'951  metres)  in  diameter 
and  40' 72  feet  (12*412  metres)  in  circumference. 

A  possibly  excessive  punctiliousness  in  the  matter  of  accuracy  led 
to  the  use  of  a  means  of  throwing  into  or  out  of  gear,  instantaneously 
and  at  a  fixed  point  of  the  periphery,  the  counting  mechanism  of  the 
anemometer  whilst  going  at  full  speed. f  For  that  purpose  the  following 
arrangement  was  devised,  based  on  one  used  by  the  Committee  on 
Mechanical  Ventilators  appointed  by  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers  in  18784 

The  catch  or  clack  of  the  counter-mechanism  is  inserted  in  a  link  of 
a  small  chain  stretched  by  two  steel  springs  a  and  b,  fixed  to  the  plate 
which  carries  the  anemometer  (Figs.  24  and  25).  The  upper  spring, 
which  is  connected  to  the  chain  by  means  of  a  silken  thread,  is  much  the 

*  Trans.  Fed.  Inst.,  vol.  vi.,  page  147. 

-j-  The  writer  has  calibrated  many  anemometers  by  means  of  a  hand-apparatus, 
wherein  the  starting  and  stoppage  of  the  counting  mechanism  of  the  anemometer 
was  simply  affected  by  the  stoppage  and  starting  of  the  apparatus,  the  instrument 
remaining  continuously  in  gear.     The  results  obtained  were  always  satisfactory. 

X  Trans.  North  of  Eng.  Inst.,  vol.  xxx.,  page  27G. 


292  AJE-CURRENTS    IN    MIKES. 

stronger  of  the  two:  it  tends  to  raise  the  catch,  and  so  to  throw  the 
counting  mechanism  into  gear  despite  the  resistance  of  the  opposing 
spring.  To  keep  the  counting  mechanism  out  of  gear,  another  silken 
thread  knotted  to  the  fixed  point  c  of  the  base-plate  is  used  to  hold  the 
whole  arrangement  down. 

On  the  bench  of  the  lathe,  and  near  the  circumference  of  the  circle 
described  by  the  anemometer,  is  placed  a  vertical  iron  rod,  up  and  down 
which  slides  a  socket  d  fitted  with  a  small  knife.  Two  holes  are  pierced 
in  the  rod,  in  which  a  cotter  may  be  placed,  stopping  the  socket  d  at 
such  a  level  as  may  be  necessary  for  cutting  successively  the  two  silken 
threads. 

The  way  in  which  the  arrangement  works  is  now  perfectly  plain. 
The  apparatus  is  set  revolving,  and,  as  soon  as  a  uniform  velocity  has 
been  attained,  the  lower  thread  is  cut,  the  upper  spring  raises  the  catch, 
and  starts  the  counting  mechanism  of  the  anemometer.  Then,  at 
the  expiration  of  a  predetermined  interval,  the  upper  thread  is  cut,  and 
the  opposing  spring  (being  thereupon  set  free)  brings  the  catch  down  to 
its  original  position.  The  readings  of  the  anemometer-counter,  taken 
before  and  afterwards,  show  what  number  of  divisions  of  the  dial 
have  been  traversed  by  the  pointers.  If  the  observer  takes  care  to  note 
by  means  of  a  chronometer  the  exact  time  of  the  beginning  and  of  the 
end  of  the  operation,*  and  if  he  counts  the  number  of  revolutions  of  the 
wand  during  the  interval  thus  limited,  he  will  be  in  a  position  to 
calculate  both  the  number  n  of  divisions  of  the  anemometer  traversed  in 
one  minute,  and  the  relative  velocity  v  of  the  air  striking  against  the 
anemometer. 

These  data  have  been  made  use  of  to  calculate  the  constants  of  the 
classical  formula:  v  =  a  +  bn. 

The  apparatus  thus  described  worked  very  efficiently,  but  it  would 
be  better  to  have  driven  the  revolving  wand  by  means  of  friction-cones 
rather  than  by  the  bevel  wheels,  which  had  a  tendency  to  make  the 
motion  jerky  at  low  velocities. 

As  a  rule,  four  observations  were  made  at  velocities  varying  from 
10U  to  120  feet  per  minute  (0*5  metre  to  U'G  metre  per  second)  which 
represented  the  extreme  limits  likely  to  lie  met  with  in  the  workings. 
Each  observation  lasted  two  minutes. 

The  anemometers  were  tared  on  two  occasions  :  once,  on  October 
3Uth,  at  the  commencement  of  the  experiments,  and  again,  on  November 
20th,  in  the  middle  of  the  series. 

*  The  audible  sharp  click   produced  at  the  moment  each  Bpring  acts  enables  the 
operator  to  take  the  time-reading  with  great  precision. 
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Anemometer  C  was  replaced  in  the  tests  of  November  20th,  1892,  by 
Cbis :  this  change  was  made  because  the  former  instrument  stopped  so 
many  times  in  the  course  of  No.  11  experiment,  that  in  subsequent 
experiments  it  was  found  necessary  to  use  another  anemometer  instead 
of  it. 

The  formulas  derived  from  the  results  of  the  experiments  made  on 
October  30th,  1892,  were  applied  to  all  experiments  made  before 
November  20th,  viz.,  Nos.  1,  4,  7,  8,  9,  10,  and  11  ;  those  of 
November  20th,  1892,  were  applied  to  Nos.  2,  3,  5,  6,  and  12.  No.  11 
experiment,  for  the  reasons  above  mentioned,  was  conducted  with  only 
three  anemometers. 

A  comparison  of  the  formulas  derived  from  the  two  series  of  experi- 
ments showed  for  anemometers  A  and  D  an  appreciable  decrease  of  the 
constant  a.  This  can  only  be  explained  by  a  diminution  of  the  passive 
resistances  opposing  the  rotation  of  the  vanes,  but  the  cause  is  not  clearly 
apparent.  At  all  events  the  trifling  modifications  in  various  directions, 
which  the  formulas  undergo  in  the  two  calibrations,  are  not  such  as  to 
influence  seriously  the  ultimate  results  of  the  experiments.  Thus  in  No. 
11  experiment,  conducted  with  anemometers  A,  B,  and  D,  common  to 
both  tables,  the  first  formulas  gave  a  mean  air- velocity  of  422  feet  per 
minute  (2*147  metres  per  second),  and  the  last  420  feet  per  minute  (2*136 
metres  per  second). 

According  to  the  maker  of  these  anemometers,  each  division  on  the 
dial  corresponds  to  a  velocity  of  1  foot  per  minute,  provided  a  constant 
of  30  be  added  •  this  rule  may  be  expressed  by  the  very  simple  formula : 
v  =  30  +  N,  N  being  the  number  of  divisions  traversed  in  one  minute. 

In  conclusion,  the  author  may  mention  that,  according  to  theory,* 
the  constant  a  of  the  preceding  formulas  should  have  been  made  to  vary 
as  the  square  root  of  the  inverse  ratio  of  the  specific  gravities  of  the  air 
in  the  calibration-room  and  in  the  galleries  under  experiment ;  but  the 
variations  were  so  very  slight  that  this  correction  was  neglected. 

D. — Calculation  of  the  Volumes. 
The  volume  is  represented  by  the  dotted  lines  in  Figs.  7,  8,  9,  10,  11, 
12,  14,  16,  17,  18,  19,  and  20  (Plates  V.,  VI.,  and  VII.),t  by  the 
cylindro-conical  solid,  whose  base  is  the  mean  area  under  measurement, 
and  whose  summit  is  the  parabolic  surface  defined  by  the  curves  of  equal 
velocity.     In  order  to  determine  the  volume  of  this  solid,  the  area  of  each 

*  Mr.  Ch.  Combe,  Exploitation  des  Mine*,  vol.  ii.,  page  570. 
f  Trans.  Fed.  Inst.,  vol.  vi. 
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of  the  closed  curves  of  equal  velocity  was  measured  by  an  Amsler  plani- 
meter,  and  they  were  drawn  as  ordinates  on  a  diagram,  the  corresponding 

velocities  being  taken  as  abscissa'.  In  this  way  a  curve  was  obtained 
analogous  to  that  shown  in  Fig.  26  (Plate  VIII.)  ;  and  then,  by 
means  of  the  usual  formula,  the  area  A  B  D  E  F,  was  calculated,  numeri- 
cally equivalent  to  the  required  volume. 

This  volume,  divided  by  the  mean  area  of  the  place  of  measurement, 
gave  the  mean  velocity  of  the  air  in  that  area. 

The  terminal  surface  of  the  solid  which  has  thus  been  measured  is 
necessarily  somewhat  irregular,  either  owing  to  the  particular  shape  of 
the  area  (at  the  place  of  measurement)  that  forms  its  base,  or  on  account 
of  the  unequal  distribution  of  the  velocities.  If,  however,  the  curves  of 
equal  velocity  and  the  base  itself  be  transformed  into  equivalent;  con- 
centric circles,  a  very  regular  surface  is  usually  obtained,  represented  by 
the  sketch  (Fig.  27,  Plate  VIII.). 

According  to  Mr.  Althans,  President  of  the  Sub-committee  on 
Ventilators,  nominated  by  the  Prussian  Fire-damp  Commission,  this 
surface  would  be  a  perfect  paraboloid  of  revolution,  at  any  rate  in  airways 
of  circular  section.*  This  hypothesis  has  been  confirmed  in  eight  out  of 
the  twelve  experiments,  provided,  however,  that  the  rami  or  limbs  of  the 
generating  parabola,  instead  of  meeting  the  wall  at  C  at  a  more  or  less 
obtuse  angle,  pass  into  it  with  a  continuous  curve  B  D.f 

On  the  outline  of  Fig.  2Q  the  hypothesis  of  the  paraboloid  would 
necessitate  a  straight  line  from  A  to  0,  but  the  above-mentioned  con- 
dition of  junction  substitutes  for  the  angle  BCD,  the  curve  B  D. 

E. — Connexion  between  the  Loss  of  Pressure  and  the  Mean  Velocity. 

If  the  monomial  formula  be  accepted  : 

h  =  cvx,  and  the  magnitudes  be  replaced  by  their  logarithms,  theu 
log.  h  =  log.  c  +  x  log.  v. 
Then  the  six  values  of  log.  v  and  log.  h  obtained  from  the  first 
experiment  are  shown  on  a  diagram,  as  abscissa'  and  ordinates  respec- 
tively, the  six  points  thus  determined  will  lie  along  a  straight  line,  whose 
ordinate  at  the  origin  will  be  log.  e,  and  whose  angular  coefficient 
will  be  .'. 

This  line,  so  drawn,  rises  very  decidedly,  and  leads  to  the  following 
values  : 

c  =  0-4112  and  a-  =  1-9267. 

*  Bull.  Soc.  Industrie  ifinirale,  series  3,  vol.  iii.,  page  424. 

f  Those  eight  experiments  are  numbered  l.  2,  I.  5,  t>,  8,  10,  ami  11. 
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From  a  series  of  observations  made  on  December  6th,  1891,  near  the 
ventilator  of  the  St.  Pierre  pit,  of  the  Montrambert  collieries,  Mr. 
Rateau  obtained  a  much  lower  value  for  the  exponent  x — namely, 
x  =  1*75.*  But  the  author  is  inclined  to  question  the  accuracy  of  his  result. 
At  the  season  when  those  experiments  were  made  natural  ventilation 
would  be  very  strong,  and  to  arrive  at  the  actual  total  loss  of  pressure 
the  natural  ventilation  should  have  been  measured  and  added  to  the  de- 
pression produced  by  the  ventilator.  This  was  done  merely  by  stopping 
the  air-current  near  its  outlet  by  an  airtight  stopping,  and  noting  the 
pressure  exerted  against  the  stopping  when  the  ventilator  was  standing  still. 
This  pressure  was  equal  to  a  water-column  of  0"669o  inch  (17  milli- 
metres). Xow,  this  method  cannot  be  accepted  as  accurate,  and  the 
author  has  previously  expressed  that  opinion  in  another  paper  written  in 
1872.t  Natural  ventilation  in  any  given  mine  is  not  merely  a  function 
of  the  difference  between  the  temperatures  of  the  air  on  entering  and  leaving 
the  mine,  but  also  of  the  speed  with  which  the  air  traverses  the  workings. 
The  cold  air  arriving  at  the  bottom  of  the  downcast  shaft,  only  becomes 
heated  very  gradually  in  its  course  through  the  various  portions  of  the 
mine.  It  is  even  possible  to  entertain  the  hypothesis  of  the  extreme  case 
where,  the  velocity  being  infinite,  the  air  would  not  have  the  time  to 
undergo  a  change  in  temperature,  and  therefore  the  natural  ventilation 
would  then  be  nil.  The  opposite  extreme  is  the  hypothesis  of  the  air- 
current  being  stopped  by  a  dam  and  being  allowed  time  for  getting 
into  an  equilibrium  of  temperature  with  the  sides  of  the  gallery  :  the 
downcast  shaft  remaining  cold,  natural  ventilation  is  then  at  its 
maximum.  In  practice,  it  is  of  course  the  intermediate  conditions  that 
obtain. 

The  above  considerations,  which  are  capable  of  further  development, 
explain  sufficiently  the  exaggerated  results  invariably  yielded  by  the 
method  of  stoppage  when  applied  to  the  measurement  of  natural  ventila- 
tion. If,  in  the  Montrambert  experiments,  this  had  been  represented  by 
0*354  iustead  of  0'6G9  inch  (9  instead  of  17  millimetres),  they  would 
have  led  exactly  to  the  law  of  the  square  of  the  velocity. 

At  all  events,  it  may  be  fairly  said  that  these  experiments,  faultless  in 
other  respects,  would  have  gained  infinitely  if  conducted  at  a  season  when 
natural  ventilation  was  less  active. 

*  Bull.  Soo.  Industrie  Minerule,  series  3,  vol.  vi.,  page  133. 
f  Ibid.,  series  2,  vol.  ii.,  page  465. 
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F.— Curves  of  Equal  Velocity. 

It  is  hardly  necessary  to  dwell  on  the  method  adopted  for  the  deter- 
mination of  the  cnrvt  a  of  equal  velocity  I  Plates  V.,  VI..  and  VI  I.)  :*  it  is 
a  simple  geometrical  operation  which  the  reader  will  understand  without 
any  difficulty. 

In  plotting  out  those  curves,  the  author  hoped  to  be  able  to  deduce 
from  them  a  certain  correlation  between  the  rate  of  retardation  of 
velocities  against  the  sides  of  the  galleries,  and  the  value  of  the 
coefficient  of  friction.  It  appeared  that  those  two  values,  originating 
from  the  same  cause,  would  follow  a  parallel  course  :  the  comparative 
table  given  below  shows  that  these  hopes  were  not  realized. 

The  ratio  between  the  mean  of  the  parietal  velocities  and  the  mean 
velocity  of  measurement — a  natural  measure  of  the  retardation  against 
the  walls— has  been  replaced  in  this  table  by  another  ratio,  which  is  in 
some  sort  its  counterpart,  the  relation  of  the  maximum  velocity  to  the 
same  mean  velocity.  These  two  inverse  ratios  are  evidently  so  connected 
together  that  one  cannot  increase  without  the  other  diminishing.  But 
the  second  ratio  is  far  easier  to  calculate,  because  the  determination  of 
the  parietal  velocities  is  always  a  delicate  and  uncertain  matter,  while  the 
maximum  velocity  can  be  plainly  deduced  from  the  diagrams. 

With  a  view  to  facilitating  comparison,  we  have  arranged  the 
experiments  in  the  order  of  increase  of  the  coefficient  of  friction. 


No.  of 
Experi- 
ment. 

Description  of  Gallekies. 

Coefficient 

of 
Friction. 

Ratio  of 

Maximum 

to  .Mean 

Velocity. 

Sides.                          Course. 

Sectional  Area. 

5 
6 

8 
9 
7 
2 
1 

3 

4 

11 

10 

12 

Arched 

» 
., 
.. 
Unlineil     ... 
,, 
.. 

Timbered  ... 
»          ... 
>> 

Straight    ... 

Sinuous      

Coni  inuous  curve 
Straight 

J) 

Btraighl    

Slightly  sinuous  ... 

Normal 

Intermediate 

Small 
Normal 

Large 

Small 
Normal 

Small             .'." 

000030 
000037 
0-00052 

0-00055 
0-00062 
0-00087 

0-00093 
0-00105 
0-00123 
0-00147 
0-00170 
0-00241 

1  -25  1 
1-259 
1-188 
1-202 
1-239 
1-249 
1-402 
1-391 
1-364 
1-374 
1-447 
1-267 

Evidently  the  parallelism  which  has  beeu  sought  for  does  not  exist.  The 
apparent  anomaly  only  becomes  explicable  when  we  note  that  the 
acceleration-ratios  of  the  last  column  exclusively  apply  to  the  precise  spot 
where  the  measurements  were  made,  not  to  the  entire  distance  traversed. 
Thus  it  is  that  in  curved  or  sinuous  galleries,  the  curves  of  equal  velocity, 
*  Trim*.  Fed,  Inst.,  voL  vi. 
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being  invariably  observed  at  a  point  where  the  course  was  practically 
rectilinear,  do  not  in  the  least  correspond  to  the  special  conditions  of 
these  experiments.  On  the  other  hand,  it  seems  reasonable  to  admit  that 
small  sectional  areas  lend  themselves  less  easily  than  large  sectional  areas 
to  the  lengthening  of  the  cone  (or  rather,  the  paraboloid)  of  velocities, 
and  thus  the  low  acceleration-ratios  given  by  experiments  Nos.  8,  9,  and 
12  may  be  explained. 

It  follows,  therefore,  that  if  the  predicted  correlation  does,  after  all, 
exist,  it  will  only  be  observable  in  galleries  comparable  in  sectional  area 
and  in  plan.  In  fact,  if  the  comparison  of  the  experiments  be  con- 
fined to  normal  and  rectilinear  galleries  the  following  striking  results  are 
obtained : — 


No.  of 
Experi- 
ment. 

Galleries. 

Coefficient  of 
Friction. 

Ratio  of 

Maximum  to 

Mean 

Velocity. 

1254  '1-256 
1-259  1  l  ** °° 

1-402  !   l"326 

1374  i  1410 

1-447  I  '  41U 

5 
6 
2 
1 
11 
10 

Arched 

Unlined     ... 
Timbered  ... 

O00030-1 
0-00037  fVWV66 
0-00087  l0.00090 
0-00093  J  U  UUUyu 
0-00147  1  n.nm-o 
0-00170/ °  001°8 

Xot  only  is  the  progression  manifest  from  one  group  to  the  other,  but 
within  each  group.  We  must  admit,  however,  that  there  are  some 
jumps. 

An  examination  of  the  curves  of  equal  velocity  reveals,  moreover,  a 
certain  tendency  to  a  double  maximum,  very  pronounced  in  Xo.  12 
experiment,  and  illustrated  in  others  by  the  curves  assuming  the  shape  of 
the  figure  8.  It  may  also  be  remarked  that  the  maximum  velocity  is 
seldom  found  in  the  centre  of  the  figure  of  the  galleries,  and,  indeed, 
sometimes  diverges  considerably  from  that  centre. 

In  1879,  Dr.  Schondorff,  a  German  engineer,  proposed  to  deduce  the 
mean  velocity  of  air  in  the  galleries  of  a  mine  from  a  simple  observation 
of  the  maximum  velocity  taken  at  the  centre  of  the  sectional  area, 
multiplying  that  velocity  by  0"85  if  the  gallery  be  lined  with  masonry,  by 
0'80  if  the  sides  be  unsupported,  and  by  0*75  if  they  be  timbered.* 
These  coefficients  correspond  respectively  to  the  ratios  of  the  maximum  to 
the  mean  velocity:  1*176,  1*250,  and  T333,  of  which  they  are  the 
inverse.  But  it  will  be  seen  from  the  preceding  table  that  Dr. 
Schondorff 's  method  would  give  only  a  very  rough  approximation. 
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Mr.  T.  A.  Southern  (Derby)  wrote  that  he  had  felt  considerable 
interest  in  the  question  of  the  friction  of  air-currents  in  mines  for  some 
rears,  and  had  been  much  interested  by  Mr.  Murgue'8  excellent  paper. 
The  experiments  had  evidently  been  conducted  with  great  skid  and  care. 

and  the  results  arrived  at  agreed  very  closely  with  what  he  should  have 
expected;  hut  at  the  same  time  he  thought  more  reliable  coefficients 
might  l>e  ascertained  by  simpler  experiments  upon  a  much  more  extensive 
scale.  He  thoroughly  agreed  with  the  author  when  he  said"  ••  it  is 
impossible  to  calculate  a  priori  the  ventilating  pressure  required  for  any 
mine;"  at  any  rate  it  was  impossible  to  attain  anything  more  than  an 
approximate  result,  because  the  area,  the  shape,  the  velocity,  and  the 
nature  of  the  surfaces  were  so  very  irregular  throughout  the  long  airways 
of  a  mine.  For  this  reason  a  coefficient  of  friction  for  air-currents  was 
not  so  useful  as  ii  otherwise  would  be,  but  a  coefficient  was  wry  often 
used,  and  it  was  desirable  that  it  should  at  any  rate  be  as  nearly  correct 
as  possible.  He  had  known  for  several  years  and  had  always  taught  his 
students  that  the  generally-accepted  coefficient  of  friction  of  0*00417 
inch  of  water-gauge  adopted  by  the  late  Mr.  J.  J.  Atkinson,  and  put 
forward  in  his  very  useful  little  book  upon  Gases  in  Mines,  was  far  from 
being  correct,  and  was,  in  fact,  some  six  or  eight  times  as  great  as  it 
should  be  for  ordinary  roadways.  He  was  therefore  glad  to  have  his 
opinion  so  fully  and  unmistakably  confirmed  as  it  was  by  the  result  of 
Mr.  Murgue's  experiments.  In  a  paper  on  "The  Friction  of  Air  in 
Shafts."  by  Mr.  H.  K.  Jordan.t  a  case  was  cited  where  the  coefficient  of 
Motion  of  air  in  shafts  was  0*00039  inch  of  water-gauge,  or  less  than 
one-tenth  of  the  coefficient  adopted  by  Mr.  Atkinson,  and  this,  it  would 
be  seen,  was  almost  identical  with  the  mean  of  the  coefficients  deduced  by 
Mr.  Murgue  for  arched  galleries,  viz..  nan  mi;;:;  inch  of  water-gauge. 
Ee  I  Mr.  Southern)  had  noticed  a  case  about  fifteen  years  ago  where  the 
shaft  friction  was  very  great,  so  great  that  it  absorbed  1*5  inches  of 
water-gauge,  the  total  water-gauge  produced  by  the  fan  being  2*5  inches, 
and  the  coefficient  in  this  case  was  0*000496  inch  of  water-gauge.  Cal- 
culated with  the  usually  adopted  coefficient  the  shaft  friction  would  have 
required  a  water-gauge  of  no  less  than  13  inches  to  overcome  its  resist- 
ance. It  seemed  to  him  surprising  that  a  coefficient  so  far  from  being 
correct  should  have  been  extensively  used  in  nearly  every  mining  text- 
book published  in  this  country  during  the  last  twenty-three  years,  since 
Mr.  Atkinson's  treatise  was  written,  for  its  inaccuracy  could  be  proved  by 

*  Trail--.  Fid.  Inst.,  vol  vi.,  page  165. 
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a  simple  calculation,  based  on  observations  which  could  be  made  in  any 
large  mine.  An  important  object  to  be  gained  from  such  experiments  as 
these  was  to  establish  clearly  the  influence  of  the  nature  of  the  surface  of 
the  airways  upon  the  friction  of  the  air-currents,  but  he  could  not  think 
that  this  would  ever  have  very  much  effect  in  deciding  the  way  in  which 
the  roadways  were  to  be  lined — whether  with  timber  or  with  arching. 
This  would  always  be  governed  more  by  the  cost  and  by  the  condition 
of  the  strata.  It  would  be  seen  that  Mr.  Murgue's  experiments  were 
made  with  a  very  short  length  of  roadway.  He  (Mr.  Southern)  con- 
sidered that  reliable  average  coefficients  for  airways  with  various  kinds  of 
surfaces  might  be  determined  by  making  an  observation  at  a  number  of 
collieries  where  the  conditions  were  favourable.  There  were  many 
collieries  with  a  considerable  length  of  main  intake  and  main  return 
airways,  fairly  uniform  in  section,  either  running  parallel  or  connected  at 
two  distant  points  by  thirlings  or  cut-throughs  with  doors  in  them.  He 
thought  that  from  several  such  calculations,  made  with  much  greater 
lengths  of  roadway  than  in  these  experiments,  reliible  coefficients  could 
be  readily  deduced,  even  without  the  delicate  and  beautifully  ingenious 
apparatus  necessary  when  dealing  with  such  short  pieces  of  roadway  as 
had  been  dealt  with  in  these  experiments. 


The  following  "Memoir  of  Mr.  T.  W.  Embleton,"  by  Mr.  T.  W.  E. 

Mitchell,  was  taken  as  read  : — 
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OBITUARY  OF  THOMAS  WILLIAM  EMBLETOX. 


By  T.  W.  H.  MITCHELL. 


Thomas  William  Emlleton,  of  the  Cedars,  Metkley,  near  Leeds, 
who  died  on  Wednesday,  November  8th,  1893,  was  the  son  of  Thomas 
Embleton,  of  Newcastle-upon-Tyne,  and  was  born  in  that  city  on  October 
4th,  1809.  He  was  educated  at  Witton-le-Wear  Grammar  School  under 
the  Rev.  Geo.  Newby,  and  from  thence  he  went  to  the  University  of 
Edinburgh.  His  apprenticeship  as  a  mining  engineer  was  served  at  the 
Gosforth  and  other  collieries  under  his  uncle  Mr.  Geo.  Hill,  of  Kenton, 
near  Newcastle-upon-Tyne. 

In  1830,  at  the  age  of  twenty-one  years,  he  succeeded  Mr.  Blenkinsop 
in  the  management  of  the  Brandling  collieries  at  Middleton,  near  Leeds, 
a  position  which  he  retained  until  1865.  In  1866,  he  took  charge  of  the 
extensive  collieries  belonging  to  Messrs.  J.  and  J.  Charlesworth,  and 
retired  therefrom  in  1888.  During  his  connexion  with  that  firm  he  was 
responsible  for  the  sinking  of  several  new  shafts  to  various  seams,  among 
others  the  Dodworth  Silkstone  colliery,  Barnsley,  and  the  Albany  pits, 
Rawmarsh.  He  was  consulting  engineer  for  Lord  Mexborough  for  a  number 
of  years,  for  Mr.  George  Lane  Fox,  Bramham,  near  Leeds,  until  his 
death,  also  for  the  Wharncliffe  Silkstone  colliery,  near  Barnsley,  during 
which  time  he  sank  a  number  of  pits  and  introduced  a  new  system  of  haul- 
age. In  addition  to  holding  the  above  appointments  he  was  a  partner  in. 
and  had  the  control  and  supervision  of  the  sinking  of,  the  Monkbretton 
colliery,  which  at  that  time  was  the  most  north-easterly  winning  of  the 
celebrated  Barnsley  seam  of  coal.  He  was  a  member  of  the  North  of 
England  EnBtitute  of  Mining  and  Mechanical  Engineers  from  September 
6th,  1855,  and  contributed  the  following  papers: — 

"On  a  Patent  Self-acting  Hydraulic  Coal-cutting  Machine,  in  use 
at  Kippax  colliery,  near  Leeds."*  "  Notes  on  the  Oaks  Colliery  Explosion, 
on  the  12th  December,  1866,  and  on  the  Subsequent  Explosions."!  "Notes 
of  Reports  on  the  Winning  of  the  High  Main  Coal  at  Gosforth  Colliery 
on  the  South  Side  of  the  Ninety-fathoms  Dyke ;  and  of  the  Winning  of 

*  Trans.,  vol.  xiv.,  page  83.  f  Trans.,  vol.  xxv.,  page  29. 
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that  Seam  by  Pits  Sunk  on  the  South  Side  of  the  Dyke,  and  Drifting 
through  that  Dyke  to  "Win  the  Coal  on  the  North  Side,  with  Extracts 
from  the  various  Reports  relating  thereto."* 

His  experience  and  skill  rendered  his  assistance  at  colliery  explosions 
most  valuable,  nowhere  more  so  than  at  the  lamentable  explosion  at  the  Oaks 
colliery,  near  Barnsley,  on  December  12th,  1866,  where,  with  Mr.  Wood- 
house  and  other  eminent  mining  engineers,  he  had  the  control  of  the 
recovery  of  the  colliery.  The  care  with  which  this  was  done  is  evidenced 
by  the  paper  which  he  contributed  to  the  Midland  Institute  of  Mining, 
Civil,  and  Mechanical  Engineers.f  This  paper  contains  the  hourly 
registers  of  the  readings  of  the  barometers,  thermometers,  and  water- 
gauges  from  January  30th  to  November  5th,  1867.  From  the  paper  it 
appears  that  after  seventeen  successive  explosions,  it  was  decided  that  two 
of  the  shafts  should  be  closed,  viz.,  the  furnace  and  No.  1  shaft,  with 
debris  and  clay  and  water  ;  and  No.  2  shaft  with  an  airtight  scaffold, 
through  which  passed  a  pipe  reaching  to  the  surface,  by  means  of  which 
the  pressure  and  temperature  of  the  gases  issuing  from  the  mine  could  be 
ascertained.  Soon  after  fixing  the  water-gauges  a  pressure  from  the 
mine  of  5*2  inches  was  recorded,  and  after  this  the  gases  were  allowed  to 
escape  until  the  pressure  did  not  exceed  3  to  4  inches.  Several  times 
there  was  an  external  pressure,  the  greatest  being  1*9  inches  ;  and  during 
the  whole  period  of  the  observations  there  were  6,638*85  hours  of  internal 
pressure,  4  hours  of  equilibrium,  and  433*95  hours  of  external  pressure. 
Mr.  Embleton  remarked  in  conclusion  : — 

It  appears,  therefore,  that  the  change  of  pressure  did  not  depend  upon  the  actual 
height  of  the  barometer  but  upon  the  rise  or  fall  of  the  barometer,  at  whatever 
height  that  instrument  might  be  at  the  time.  For  instance,  the  barometer  standing 
at  29*40  and  gradually  rising  to  29*83  the  external  pressure  continued  for  28  hours, 
but  where  declining  from  29-S3  to  2977  there  was  an  internal  pressure  for  242 
hours,  and  on  the  mercury  rising  the  external  pressure  again  commenced. 

There  are,  however,  instances  the  reverse  of  this,  viz.,  an  internal  pressure  with 

rising  barometer  and  an  external  pressure  with  a  falling  barometer This 

external  pressure  on  the  gas-valve,  he  [Mr.  Embleton]  thinks  solves  a  question 
disputed  by  some,  that  in  certain  high  states  of  the  barometer  air  has  been  found  to 
pass  into  a  fissure  of  the  mine  from  which  a  blower  of  gas  would  issue  when  the 
barometer  was  low.  Here,  if  the  gas-pipe  be  supposed  to  represent  the  fissure,  it 
was  found  that  at  times  gas  would  come  freely  up  the  pipe,  and  that  at  other  times 
air  would  enter  almost  as  freely. 

Soon  after  the  passing  of  the  Coal  Mines  Regulation  Act  of  1872, 
Mr.  Embleton  was  appointed  one  of  the  three  examiners  (together  with 
Mr.  Carrington  of  Kiveton  Park  colliery,  and  Mr.  Evans  of  Low  Moor) 

*  Trans.,  vol.  xxxviii.,  page  189.  f  Trans.,  vol.  iv.,  page  184. 


302  OKITUARY   OF    THOMAS    WIIJJAM    BMBLBTOH". 

for  the  Yorkshire  and  Lincolnshire  Mining  District,  and  there  is  ample 
testimony  of  the  kindly  way  in  which  he  put  candidates  under  examina- 
tion through  their  work. 

Prior  to,  and  after  giving  up,  the  charge  of  Messrs.  Charlesworth's 
collieries,  he  was  much  Bought  for  his  advice  in  connexion  with  the  exten- 
sion and  management  of  other  collieries;  and  his  evidence  in  cases  of 
trespass,  damage  from  subsidence,  etc.,  was  always  accepted  as  coming 
from  one  who  spoke  with  great  experience  and  authority. 

Notwithstanding  the  engagements  that  occupied  his  time,  he  found 
opportunities  of  helping  forward  those  who  wished  to  follow  the  career  of 
a  mining  engineer  :  and  his  best  endeavours  were  exerted  to  forward  the 
formation  of  associations  for  disseminating  the  experience  which  he  and 
many  other  eminent  mining  engineers  had  gained  by  means  of  papers, 
lectures,  etc.     His  especial  work  in  this  direction  was  by  means  of  classes. 

In  1857,  lie  was  one  of  the  first  members  of  the  South  Yorkshire 
Viewers'  Association,  which  was  formed  under  the  presidency  of  Mr.  Wood- 
house  for  the  purpose  of  discussing  opinions  and  facts  connected  with 
mining.  In  I860,  he  was  elected  President  of  that  association  under  its 
changed  title  of  the  Midland  Institute  of  Mining  Engineers,  and  in  his 
presidential  address  his  earnest  desire  to  make  the  institution  most  useful 
as  regards  records  of  experiences  of  the  senior  members  and  the  instruc- 
tion of  the  junior  members  is  plainly  shown,  as  he  urgently  asked  for  full 
discussion  and  papers  on  the  methods  of  ventilating  mines,  in  the  follow- 
ing words  : — "Particular  attention  must  be  paid  to  the  state  and  condition 
of  the  air-courses,  for  unless  these  be  kept  of  ample  size  and  in  good 
repair,  all  our  skill  in  conducting  and  distributing  the  air  on  the  most 
approved  principles  will  be  of  no  avail,"  also  "one  means  to  that  end 
[better  ventilation]  is  a  greater  area  in  the  upcast  shaft."1  Further,  he 
forestalled  the  Coal  Mines  Regulation  Act  of  1872,  by  stating  that  "it  is 
necessary  that  everyone  who  has  the  management  of  mines  should  possess 
an  accurate  barometer,  but  I  must  admit  that  an  opinion  exists  that 
the  discharge  of  gas  precedes  the  motion  of  that  instrument." 

The  importance  that  he  attributed  to  the  use  of  the  barometer  through- 
out his  life  is  clearly  demonstrated  in  bis  paper  on  the  ( >aks  explosion  (pre- 
viously alluded  to),  and  in  his  paper  on  "Atmospheric  Pressure  in 
Relation  to  Colliery  Explosions."*  The  latter  paper  contained  mosl  inter- 
esting tables  showing  the  state  of  the  barometer  (whether  falling  or  rising 
previous  to  an  explosion),  direction  of  wind,  and  thermometer  readings 
from  January.  18G8,  to  December,  1880,  inclusive. 

*  Trans.  .Midland  Inst.,  vol.  viii.,  page  67. 
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From  these  tables  it  appeared  that  when  the  reading  of  the  barometer 
was  below  the  annual  mean,  and  when  the  pressure  had  been  falling  the 
day  before,  there  were  more  explosions  ;  and  the  following  was  the  order 
of  months  in  degree  of  danger  from  such  occurrences: — (1)  October,  (2) 
April,  (3)  February,  (4)  June,  (5)  December,  (G)  July,  (7)  May,  (8)  Sep- 
tember, (9)  January,  (10)  March,  (11)  August,  (12)  November,  and  that 
during  the  prevalence  of  a  south-west  wind  there  was  the  maximum 
number,  and  with  east-south-east  winds  the  minimum  number  of  explosions. 

Mr.  Embleton  further  remarked  that  "there  can  be  no  doubt  that 
many  explosions  have  happened  that  probably  have  no  connexion  with 
the  atmospheric  pressure,"  but  resulted  from  "falls  of  roof,"  "defective 
safety-lamp,"  "sudden  eruption  of  gas,"  "firing  of  shots,"  etc.  The 
tables  also  showed  that  great  care  should  be  taken  during  the  prevalence 
of  south-westerly  or  westerly  winds. 

In  the  discussion  upon  this  paper  Mr.  Embleton  gave  the  results  of  his 
experience  between  the  years  1869  and  1880,  and  said  that  "I  am  still 
inclined  to  believe  that  the  barometer  has  nothing  to  do  with  colliery 
explosions."  His  application  to  the  niinutiaa  of  mining  is  shown  in  his 
advice : — 

Therefore  I  say  attend  to  those  small  things  [having  referred  in  detail  to  the 
prevention  of  accidents  from  falls  of  roof,  methods  of  working  coal  diagonally  or  on 
the  end,  underground  transit,  ventilation  of  goaves,  enforcement  of  rules  to  prevent 
accidents]  that  we  may  command  success,  as  it  follows  as  a  matter  of  course  that 
if  one  of  the  small  things  be  left  out  in  any  work  of  magnitude  that  work  will  not 
be  complete. 

He  was  again  elected  President  of  the  Association  in  1875,  when  its 
name  had  once  more  been  changed  to  Midland  Institute  of  Mining,  Civil, 
and  Mechanical  Engineers.  In  his  address  at  that  date  he  reviewed  the 
progress  made  in  machinery  for  boring  in  search  of  coal,  and  the  advan- 
tages gained  by  being  able  to  obtain  correct  cores  ;  in  the  machinery  for 
holing  or  baring  the  coal,  remarking  that  unless  the  coal  could  be  worked 
longwall  the  coal-cutter  "cannot  be  worked  except  at  considerable 
expense,  perhaps  at  a  higher  cost  than  by  the  ordinary  method."  He 
referred  also  to  various  mechanical  appliances  for  wedging  coal ;  the 
improvement  in  underground  haulage  by  reason  of  the  introduction  of 
compressed-air  engines;  and  to  the  improved  and  more  handy  pumping 
appliances  which  were  fast  superseding  the  ponderous  machinery  hitherto 
adopted.  With  respect  to  the  question  of  shot-firing  in  mines  and  its 
being  the  cause  of  explosions,  he  pointed  out  the  difficulty  in  deciding  as 
to  whether  a  colliery  should  be  classed  as  fiery  or  non-fiery,  as  in  some 
mines  nothing  is  shown  until  suddenly  there  is  an  outburst  of  gas,  and 
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the  mine  (which  previously  was  considered  non-fiery)  is  classed  at  once 
as  a  fiery  mine,  hut  not  until  there  has  been  an  opportunity  given  for  an 
explosion.  This  opportunity  should  not  be  waited  for,  and  he  asks  "if 
gunpowder  is  to  be  prohibited  at  all  would  it  not  be  better  thai  all  mines 
Bhould  be  included  in  the  prohibition?" 

In  addition  to  this  presidential  address,  he  communicated  to  the 
Institute  a  translation  of  the  description  of  "The  Explosion  in  No.  2 
Shaft  of  the  Concordia  Colliery  Co.,  Niederolsnitz,"  *  and  a  paper  on 
"Brick,  Stone,  and  Cast-iron  Tubbing  in  Shafts,"!  and  again  on  a  similar 
subject,  "On  Iron  and  Stone  Tubbing." J  He  also  raised  the  question  of 
the  efficient  examination  and  testing  of  safety-lamps  before  tiny  were 
handed  to  the  workmen  in  his  paper  on  "Testing  the  Safety-lamps  in 
common  use,"§  and  in  the  papers  on  the  sudden  outbursts  of  gas  which 
occurred  at  the  various  collieries  under  his  control. 

.Mr.  Embleton's  inaugural  address  on  his  third  period  of  office  as 
President  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical 
Engineers  in  1887,  w7as  a  most  interesting  resume  of  the  progress  of  coal- 
mining from  the  most  ancient  records  to  modern  times,  and  it  was  agreed 
by  all  present  that  lie  had  succeeded  in  his  hope  expressed  in  the  following 
words: — "I  hope  I  have  endeavoured  to  show  in  some  measure  from 
the  earliest  available  information  the  advance  of  the  coal  trade  and  its 
appliances  up  to  this  jubilee  year  of  Her  Most  Gracious  Majesty." 

It  was  left  to  Mr.  Embleton  as  the  President  elected  in  January  L891, 
after  the  death  of  Mr.  John  Marley,  the  first  president,  to  pilot  The 
Federated  Institution  of  Mining  Engineers  through  a  crisis  in  its 
existence,  which  only  a  man  of  his  leisure  and  experience  could  have 
done,  until  September,  1892.  His  presidential  address ||  to  that  Institu- 
tion was  delivered  on  May  28th,  1891. 

On  the  7th  of  October,  1880,  having  entered  on  his  seventy-first  year, 
he  was  initiated  a  freemason  of  the  Friendly  Lodge,  No.  1,513,  Barns- 
ley,  and  was  passed  and  raised  in  the  usual  course.  He  was  installed 
its  Worshipful  Master  in  February,  1884,  was  appointed  Provincial 
Grand  Steward  in  April,  1885,  and  Provincial  Senior  Grand  Warden 
(West  Yorks)  in  the  following  year.  Ee  was  exalted  in  the  Friendly 
Chapter,  No.  1,513,  Barnsley,  November  9th,  L882,  installed  M.E.Z.  in 
May,  L888,  and  invested  Prov.  GLH.  of  Wesi  lorks,  May,  1892.    He  had 

also  been  advanced  to  the  Mark  degree,  and  was  W.M.  of  Portal   Lodge, 

*  Tnms.  Midland  Inst.,  vol.  vi..  page  24.  f  Ibid.,  vol.  vi..  page  151. 

X  Ibid.,  vol.  vii.,  page  166.  §  Ibid.,  vol.  vi..  page  190. 

||  Trans.  Fed.  Inst.,  vol.  ii..  page  262. 
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No.  127,  Barnsley,  in  1892,  and  was  S.G.W.  of  the  Province  at  the  time 
of  his  decease.  Bro.  Embleton  was  not  content  to  be  merely  an  office- 
bearer in  the  craft.  He  was  a  munificent  donor  to  the  Masonic  charities, 
and  was  qualified  as  vice  patron  for  the  R.M.I,  for  girls,  and  the 
R.M.B.L,  and  patron  of  the  R.M.T.  for  boys. 

He  married  Caroline  Anne,  daughter  of  Mr.  Thomas  Boston,  coal- 
owner,  of  Gateshead,  county  Durham. 


:;<m;  value  of  zinc-ores. 


NOTES  UPON  A  PRACTICAL  METHOD  OF  ASCERTAINING 
THE  VALUE  OR  PRICE  TO  BE  PAID  FOR  ZINC 
MINERAL.* 

By  H.  D.  HOSKOLD. 


Mr.  II.  D.  Hoskold  communicated  the  following  correction  of  his 

note,  which  was  printed  in  vol.  v.  of  the  Transactions : — 

Page  94,  line  28, 

/  T  —  £  \ 
«V=(  -los)  (P  -  2-50)  -  60," 

should  read 

"V=rr  ~  J")  (P  -  2*50  francs)  -  60  francs," 

in  which 

V  =  the  value  of  crude  mineral  per  100  kilogrammes. 

T  =  the  assay  percentage  of  mineral. 

P  =  the  price  of  100  kilogrammes  of  spelter  (in  the  present  case 

the  value  is  taken  at  the  rate  of  £18  per  ton,  and  exchange 

at  25"20  francs  per  £  sterling). 

rnnics. 

Then  £18  x  26-20  francs      =     453-60 

Less  1*5  per  cent,  to  reduce  a  ton  of  1,015  kilogrammes  to  a 

ton  of  1,000  kilogrammes =         6-S0 


Per  1,000  kilogrammes  =     146*80 


Per  100 kilogrammes    ...        ...         =       44-68 

T  -    !'          50  -  10 
And  5     =   ttt =  4. 

10 

Therefore  V=   I  (44-68  -  2-50)  -  60         =     108-72 

The  formula — 

V  =  (T~YQ*  *)  (P  -  5  %)  -  65  francs, 
*  Trims.  Fed.  Tngt.,  vol.  v..  page  93. 
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commencing  after  the  9th  line  on  page  95  of  the  Transactions,  is  similar 
to  that  previously  corrected,  and  assuming  the  conditions  to  be  the  same 
in  both  cases,  we  should  have  : — 
T  -  i   +  1        50-10  +  1 


Fiancs. 


io        =  4"h 

Then  P  =  (44-68  -  5  %  )  4-1  -  65  francs  109045 

The  amount  deduced  from  the  corrected  formula  being...         =     108-720 


Shows  a  difference  between  the  values  calculated  by  the 

two  formula;  of        =         0-325 

The  inelegancies  in  the  table  on  page  98,  arising  out  of  the  circum- 
stance that  the  decimal  parts  occurring  after  the  whole  numbers  in 
column  2  were  not  employed,  have  no  particular  significance  or  import- 
ance, and  consequently  no  corrections  have  been  made. 


The  following  paper  by  Mr.  James  Overend  on  "  The  Coal-fields  of 
Sonora,  Mexico,"  was  taken  as  read  : — 
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THE   COAL-FIELDS  OF  SONORA,    MEXICO. 


r.v  JAMES  OVEBEND. 


The  territory  of  the  Republic  of  Mexico  1ms.  until  recently,  been  very 
little  explored  by  Englishmen  ;  this  is.  qo  doubt,  largely  due  to  the  diffi- 
culties that  at  one  time  had  to  be  encountered  by  anyone  endeavouring 
to  penetrate  the  interior  on  all  but  well-travelled  tracks,  and  to  the 
obstructions  raised  by  various  Indian  tribes.  Thanks,  however,  to  the 
firmness  shown  by  Sefior  Porfirio  Diaz,  the  present  president,  these 
dangers  have  now  almost  ceased,  and  the  country  can  be  traversed  with 
comparative  safety  in  nearly  any  direction. 

Mexico  has  long  been  known  as  possessing  in  large  quantities  all  the 
richer  minerals,  and,  no  doubt,  will  be  still  better  known,  as  the  trackless 
forests,  familiar  only  to  Indian  tribes,  become  thoroughly  examined  by 
experienced  prospectors.  Coal-fields  have  been  discovered  in  the  states 
of  Chiapas,  Hidalgo,  Jalisco,  Nuevo  Leon,  Tlaxcala,  Vera  Cruz,  etc., 
but  only  in  a  few  cases  arc  the  fields  of  sufficient  area  to  warrant  any 
large  outlay  for  their  development. 

The  marketable  value  of  coal  on  the  western  shores  of  the  United 
States  is  well  known,  San  Francisco,  with  its  large  population,  and  other 
great  centres  of  industry,  being  entirely  dependent  for  coal  on  the 
eastern  coal-fields  of  the  United  States  of  America,  the  large  coaling 
station  of  Acapulco  on  the  Mexican  coast,  from  which  the  British  navy 
in  these  waters  draws  its  supplies,  is  dependent  upon  European  sources. 
The  railway  companies  of  Mexico  are  also  almost  entirely  dependent  upon 
briquette  fuel.  In  private  industries  timber  only  is  used,  as  the  cost  of 
coal  (from  £3  to  £4  per  ton)  precludes  its  use.  Thus  it  is  clear  that  a 
workable  field  of  coal  would  prove  a  most  valuable  discovery. 

The  State  of  Sonora  is  situated  in  the  north-western  corner  of  the 
Mexican  Republic,  it  covers  an  area  of  about  79,000  square  miles,  and 
has  a  population  of  about  115,000  inhabitants,  or  very  little  over  one 
pei'  square  mile. 

The  harbour  of  Ciuaymas  is  a  sheltered  and  favourable  port,  on  the 
Gulf  of  California,  and  communicates  with  the  United  States  of  America, 
by  means  of  the  Southern  Pacific  Railway.  From  a  station  some  80 
miles  up  this  line  from  Guaymas,  the  author  proceeded  on  horsebact 
to  San  Marcial,  which  is  nearly  the  centre  of  the  coal  area  of  the  southern 
section  of  this  state. 

The  valley  of  San  Marcial  is  about    15  miles  long  by  8  miles  broad, 
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and  consists  of  undulating  beds  of  a  conglomerate,  composed  of  granite, 
syenite,  slate,  and  quartz-pebbles.  The  conglomerate  lies  directly  on  the 
granite,  which  in  places  comes  to  the  surface.  The  hills  on  the  eastern  and 
western  sides  of  the  valley  form  a  continuation  of  the  Sierra  Nevada.  The 
river  Matape"  flows  through  the  valley.  The  most  striking  topographical 
feature  is  the  numerous  extinct  volcanoes  that  are  dotted  about  in  almost 
every  direction. 

The  examination  of  this  and  other  districts  was  of  necessity  carried 
on  under  great  difficulties,  and  detailed  inspection  was  impossible,  owing 
to  the  dense  undergrowth  and  the  difficulties  which  attended  travelling 
outside  the  beaten  tracks. 

On  the  western  hills,  about  300  feet  above  the  level  of  the  river,  four 
seams  of  coal  were  found,  ranging  in  thickness  from  1  to  5  feet,  between 
beds  of  sandstone  and  shale,  and  the  top  seam  had  a  roof  of  conglomerate. 
The  5  feet  seam,  or  practically  the  only  workable  seam,  has  a  band  of  clay 
1  foot  in  thickness  lying  in  the  middle.  All  the  strata  showed  unmis- 
takable signs  of  having  been  seriously  affected  by  heat  and  volcanic  dis- 
turbances, the  seams  pitching  towards  the  valley  at  an  angle  of  40  degs. 
The  coal-seams  were  traced  for  some  considerable  distance  along  the 
sides  of  the  hills,  and  if  the  undergrowth  could  be  cleared  it  is  reasonable 
to  assume  that  they  would  be  found  along  the  whole  length  of  the  valley. 

The  quality  of  the  coal  is  highly  anthracitic,  as  it  contains  92 
to  96  per  cent,  of  carbon  :  the  high  percentage  being  no  doubt  due  to 
the  enormous  heat  to  which  the  coal  must  have  been  subjected.  The 
coal  is  hard  and  friable,  breaking  short,  and  of  a  steel-blue  colour. 

On  the  eastern  side  of  the  San  Marcial  valley  the  same  coal-seams 
were  found,  but  they  were  more  seriously  affected  by  volcanic  disturbance, 
the  coal  being  in  many  places  thrown  and  distorted  in  an  extraordinary 
manner,  and  in  some  cases  converted  into  caked  soot. 

Eastward  of  San  Marcial,  in  the  direction  of  the  Barrancas  mines,  the 
intervening  country  is  extremely  broken,  the  sandstones  and  shales 
being  upheaved  in  every  direction.  Huge  blocks  of  granite  were  found, 
many  of  them  20  feet  square,  that  must  have  been  hurled  for  consider- 
able distances.  In  a  volcanic  conglomerate  the  various  pebbles  were 
found  to  be  enclosed  in  a  clear  matrix  of  volcanic  lava  and  ash,  and  the 
author  regrets  that  with  such  hammers  as  were  available,  he  was  unable 
to  detach  a  specimen. 

Near  Tecoripa,  hot  calcareous  springs  are  found.  The  village  of 
Tecoripa  is  built  on  conglomerate  similar  to  that  of  San  Marcial.  The 
conglomerate-beds  thin  out  against  the  eastern  and  western  hills,  the  com- 
ponent parts  becoming  smaller  and  merging  into  mudstones,  which  wore 
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found  lying  upon  the  granite.  On  the  eastern  range  of  the  valley  the 
author  examined  six  Beams  of  coal,  but  they  were  so  burnt  and  affected 
by  heat  and  disturbances  that  it  was  impossible  to  form  any  opinion  of 
either  their  nature  or  thickness. 

At  SanJuanicha,  impressions  of  raindrops  were  found  in  the  fine  sand- 
stone rocks.  After  leaving  San  Juanicha,  the  country  becomes  more  broken, 
the  road  passing  through  mountainous  country.  At  San  Xavier,  two  seams 
of  coal  are  exposed,  high  up  in  the  hills,  and  they  are  only  reached  on  foot 
with  great  difficulty.  The  thicker  of  these  seams  measured  1  feet  3  inchi  3, 
but  only  2  feet  6  inches  in  the  bottom  was  clean  coal.  As  workable  seams 
they  have  no  value,  and  are  only  interesting  from  their  situation  and  the 
trouble  that  it  took  to  get  to  them. 

From  San  Xavier  to  Barrancas,  the  country  becomes  still  more  moun- 
tainous, consisting  entirely  of  slates  and  sandstones  with  intrusions  of 
igneous  rocks.  In  descending  into  the  valley  of  Barrancas,  silver-mines 
are  passed,  some  of  the  veins  being  of  considerable  value.  The  head  of  the 
valley  is  narrow,  gradually  widening  out  as  it  reaches  the  vale  of  the  river 
Yaqui. 

Half  a  mile  down  the  Barrancas  valley,  coal-measures  are  again  found, 
and  here  are  three  seams  which  have  been  partially  opened  out.  The  lowest 
seam  is  only  separated  from  the  granite  by  a  few  inches  of  bind,  ami  it  has  6 
feet  thick  of  good  clean  coal:  above  is  a  coal-seam  9  feet  in  thickness  and 
not  quite  so  clean,  but  this  may  be  accounted  for  by  its  being  found  near 
the  surface.  The  third  seam  is  a  clean  bright  coal,  and  7  feet  thick.  These 
seams  are  practically  on  the  same  level  as  those  met  with  at  San  Marcial. 
The  beds,  however,  are  much  thicker,  and  the  dip  of  the  coal  is  towards 
the  valley  of  the  Yaqui  river,  at  an  angle  of  35  degs. 

On  descending  into  the  valley  of  the  Yaqui  river,  the  conglomerate 
is  seen  to  attain  a  great  thickness,  in  some  places  being  as  much  as  500 
feet;  it  has  been  denuded  at  different  periods,  the  steps  or  terra  - 
being  dearly  defined  along  the  whole  length  of  the  river. 

The  hills  on  the  eastern  side  of  the  Yaqui  valley  form  the  main  chain 
of  the  Sierra  Madre  mountains.  They  are  formed  nearly  entirely  of 
volcauic  rocks.  At  the  foot  there  are  beds  of  graphite,  which  are  evidence 
of  tlie  great  heat  to  which  the  strata  have  been  subjected.  This  practically 
conclude  1  the  author's  inspection  of  the  Sonora  coal-field,  and  although 
he  journeyed  long  distances  to  the  north  he  saw  neither  differeno  - 
>irata  nor  depositions. 

Fig.  1  (Plate  IX.)  is  a  map  of  the  district  traversedby  the  writer;  and 
Fig.  l»  is  a  rough  section  shewing  the  relative  positions,  etc..  of  the  various 
strata. 
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The  writer  is  satisfied  that,  at  one  time,  Sonora  possessed  a  coal-field 
of  considerable  magnitude  unaffected  by  faults,  but  that  it  has  been 
faulted  and  tilted  by  a  succession  of  volcanic  outbursts.  There  may  be 
various  views  as  to  the  practicability  of  working  such  coal  as  is  now 
found,  but  in  this  he  does  not  care  to  interfere,  his  own  opinion  being 
that  no  scheme  would  be  profitable. 

The  climate  in  summer  is  hot,  and  the  thermometer  averaged  88  degs. 
Fahr.  in  the  shade,  but  in  winter  it  is  slightly  cooler.  The  air,  however, 
is  extremely  dry,  and  a  steel  knife-blade  laid  out  all  night  in  the  open 
will  not  be  injured  by  damp.  Cattle  grazing  is  the  chief  industry.  In 
dry  districts  it  is  not  uncommon  to  see  cattle  trudging  ten  to  fifteen  miles 
for  water;  on  reaching  the  stream  they  remain  a  whole  day  drinking, 
then  go  back  for  three  or  four  days  to  graze.  The  longer  the  dry  weather 
lasts,  the  farther  the  herbage  gets  from  the  water,  and  the  farther  the 
cattle  have  to  travel. 

Labourers  are  chiefly  drawn  from  the  Yaqui  Indians,  a  fine  race  of 
men,  who  as  a  rule  are  peaceable.  They  make  good  masons  and  car- 
penters, and  are  in  every  way  superior  to  the  bulk  of  the  tribes  of  the 
district.  The  bloodthirsty  Apaches  are  natives  of  this  district,  but  they 
are  rapidly  dying  out. 

One  lovely  valley  in  Sonora  possesses  about  twenty  varieties  of  springs ; 
for  those  who  have  leisure  and  are  desirous  of  studying  every  variety  of 
metaniorphic  rocks  and  volcanic  effects,  a  better  field  than  Sonora  would 
be  difficult  to  find. 


Prof.  Goodman  read  the  following  paper  on  "The  Transmission  of 
Power  by  Compressed  Air":— 
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THE  TRANSMISSION  OF  POWER  BY  COMPRESSED  AIR. 


By  PROF.  GOODMAN. 

The  problem  of  transmitting  power  to  long  distances  is  one  which 
often  presents  itself  to  the  mining  engineer.  The  three  methods  usually 
adopted  are  wire-rope  haulage,  electricity,  and  compressed  air,  each  of 
which  possesses  its  several  advantages  and  disadvantages.  The  author 
does  not,  however,  propose  to  deal  with  the  two  first  systems,  but  will 
confine  his  attention  solely  to  the  last,  viz.,  to  the  transmission  of  power 
by  means  of  compressed  air. 

Unfortunately,  owing  to  the  inefficiency  of  many  crude  compressed  ;ur 
plants,  there  is  a  widespread  opinion  that  compressed  air,  although  con- 
venient as  a  means  of  transmitting  power,  is  too  costly  for  such  purposes. 
The  fault,  however,  does  not  lie  with  the  system,  but  with  the  design  of 
the  plant.  Under  many  conditions  compressed  air,  when  intelligently 
used,  is  not  only  the  best  but  the  cheapest  method  of  transmitting  power. 
The  use  of  compressed  air  dates  back  to  the  sixteenth  century,  when 
it  was  utilized  for  diving  operations;  from  thence  till  about  1850  it  was 
occasionally  used  by  engineers  for  sinking  shafts  and  in  the  construction 
of  bridge-piers,  and  for  the  transmission  of  power  on  a  small  scale.  The 
first  occasion  on  which  it  was  used  on  a  large  scale  was  for  driving  the 
rock-drills  used  during  the  construction  of  the  Mont  Cenis  tunnel,  and 
although  the  plant  in  that  case  was  somewhat  crude  as  compared  with 
modern  plant,  yet  very  fair  results  were  obtained.  The  marked  success 
of  that  installation  gave  a  great  impetus  to  the  adoption  of  compressed 
air  for  transmitting  power  to  long  distances. 

Since  that  time,  compressed  air  has  been  very  extensively  used  for  a 
great  variety  of  purposes,  and  has  gradually  grown  in  favour,  mining 
engineers  especially  having  availed  themselves  of  this  exceedingly  con- 
venient means  of  transmitting  power. 

The  author  will  now  briefly  glance  at  various  important  points  in 
connexion  with  the  use  of  compressed  air  under  the  following  headings : — 
1.  The  properties  of  air  and  the  general  principles  of  compressing. 
•j.  The  machinery  employed  in  compressing  air. 
3.  Sources  of  loss  in  compressing  air. 
1.  Air-mains. 
.">.   Air-motors. 
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1. — Properties  of  Air  and  the  General  Principles 
of  Compressing. 

Weight. — One  pound  of  air  at  normal  atmospheric  temperature  (60 
degs.  Fahr.)  and  pressure  occupies  13-09  cubic  feet. 

Pressure  and  Volume. — Dry  air  behaves  as  a  perfect  gas,  that  is,  its 
pressure  varies  inversely  as  the  volume  it  occupies,  provided  the  tempera- 
ture remains  the  same.  Compressed  air  is  simply  air  under  pressure 
(Appendix). 

Temperature. — Air,  like  other  gases,  expands  on  being  heated  and 
contracts  on  being  cooled.  The  volume  it  occupies  when  under  a  con- 
stant pressure  varies  directly  as  its  absolute  temperature,  or  if  the  volume 
be  kept  constant  the  pressure  will  vary  as  the  absolute  temperature 
(Appendix). 

Compression. — Whenever  work  is  performed,  heat,  or  its  equivalent, 
must  of  necessity  be  expended.  Thus,  if  work  be  performed  on  a  body, 
the  temperature  of  that  body  will  be  raised  in  exact  proportion  to  the 
amount  of  work  done.  Hence,  when  air  is  compressed  and  work  expended 
upon  it,  its  temperature  is  raised  (Appendix,  Table  I.),  but  when  the 
temperature  is  raised  the  volume  is  correspondingly  increased ;  thus,  on 
account  of  the  heating  of  the  air  we  have  to  compress  a  much  larger 
volume  than  we  should  otherwise  have  to  deal  with.  The  extra  volume 
dealt  with,  due  to  heating,  is  an  absolute  source  of  waste.  The  first 
point  that  has  to  be  borne  in  mind  in  compressing  air  is  to  keep  it 
at  its  original  temperature,  or  at  least  to  prevent  a  considerable  rise  of 
temperature.  If  the  temperature  could  be  kept  constant  during  the 
whole  operation,  the  process  would  be  termed  an  equal  temperature  or 
isothermal  process,  and  if  no  heat  passed  to  or  from  the  air  during  com- 
pression, the  process  would  be  termed  an  acliabatic  process.  In  the  worst 
form  of  compressor  this  state  of  affairs  is  practically  attained,  and  a 
maximum  quantity  of  work  is  wasted.  The  nearer  the  isothermal  process 
is  approached  the  greater  is  the  economy  of  compression. 

2. — The  Machinery  Employed  in  Compressing  Air. 

(a)  Wet  Compressors. 

The  early  compressors  used  at  the  Mont  Cenis  tunnel  were  constructed 
by  the  Cockerill  Company  at  Seraing,  to  the  designs  of  Mr.  Sommeiller 
(see  Fig.  1,  Plate  X.).  The  chamber  K  having  been  filled  with  air  at 
atmospheric  pressure,  the  valve  A  was  opened  and  high-pressure  water 
entered  at  the  bottom,  thus  compressing  the  air  above  it  as  it  filled  the 
chamber.     As  soon  as  the  pressure  of  air  in  the  chamber  exceeded  that 
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in  the  mains  the  outlet-valves  C  were  forced  open,  and  the  air  was 
delivered  to  the  receiver.  The  exhaust-valve  B  was  then  opened,  and  as 
the  water-level  fell  in  the  chamber  K  air  was  sucked  in  through  the 
inlet-valves  at  <l.  The  pressure  at  which  the  air  was  delivered  depended 
on  the  head  of  water  available.  At  the  Mont  Cenis  installation  the  head 
of  water  was  85  feet,  and  the  air-pressure  75  lbs.  per  square  inch.  It 
made  about  three  strokes  per  minute.  In  many  respects  this  compressor 
gave  good  results,  but  it  was  very  bulky  for  the  quantity  of  air  delivered, 
and  the  efficiency  was  low. 

Although  this  compressor  was  clumsy  and  inefficient,  yet  other 
hydraulic  compressors  have  been  used  with  great  success.  The  compressor 
shown  in  Fig.  2  (Plate  X.)  by  Messrs.  Hathorn,  Davey  &  Co.,  Leeds, 
has  been  working  for  about  seven  years  at  some  mines  in  Mexico,  and 
has  given  excellent  results.  The  water  is  taken  from  a  mountain  stream 
about  130  feet  above. 

In  Fig.  2,  A  is  the  supply-pipe  whence  the  water  passes  to  the 
valve  D,  which  consists  of  two  parts,  the  piston  P  and  the  annular  valve 
Q.  The  small  pipe  T  supplies  water  under  pressure  to  the  space  above  P 
in  order  to  actuate  the  valve  R  at  the  right  moment.  When  water  enters 
D  the  air-pressure  is  low,  and  consequently  the  velocity  of  the  inflowing 
water  is  high,  the  pressure  beneath  P  is  lower  than  the  pressure  above  it. 
This  difference  of  pressure  serves  to  keep  P  down  and  R  open.  The 
water  rushing  into  F  via  the  pipe  E  at  a  high  velocity  acquires  momentum, 
as  the  air-pressure  rises  the  velocity  of  the  water  is  checked,  and  the 
energy  of  the  moving  body  of  water  is  absorbed  in  compressing  the  air 
to  a  considerably  higher  pressure  than  thai  equivalent  to  the  statical  head 
of  water.  When  the  pressure  reaches  a  certain  point,  the  delivery-valve 
G  opens  and  allows  the  air  to  pass  to  the  reservoir  0.  As  soon  as  the 
water  in  /^reaches  the  float  £7 it  raises  it  and  moves  the  valve  If,  which 
allows  the  water  to  exhaust  from  the  space  above  P,  and  at  the  same  time 
admits  pressure-water  above  the  piston  in  the  other  compressing-chamber. 
As  P  rises  it  closes  the  valve  R  ami  lilts  the  annular  valve  Q,  which 
allows  the  spent  water  in  F  to  escape  through  the  exhaust-pipe  connected 
with  the  space  S.  As  this  cycle  of  operations  is  proceeding  a  similar 
cycle  is  being  performed  in  the  other  compressing-chamber. 

The  receiver  C  h  provided  with  a  safety-valve  J,  set  to  blow  off  at  80 
lbs.  per  square  inch.  The  momentum-valve  B  on  the  supply-pipe  is  set 
to  blow  off  at  90  lbs.  per  square  inch,  while  any  water  that  may  be 
carried  over  to  the  receiver  is  ejected  by  the  automatic  air-trap  7.  The 
enmpressor  makes  from  two  to  three  double  strokes  per  minute. 
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The  air  in  this  compressor  is  thoroughly  cooled  by  the  constant 
supply  of  fresh  cold  water  with  which  it  is  brought  in  contact.  The 
clearance  spaces  are  exceedingly  small. 

In  places  in  winch  fuel  is  scarce  and  water  plentiful  a  compressor  of 
this  type  will  be  found  to  give  far  better  results  than  ordinary  compressors 
driven  by  water-motors. 

A  wet  compressor  of  another  type,  the  Dubois-Francois  (Fig.  3, 
Plate  X.),  has  been  much  more  extensively  used  than  either  of  the 
above.  This  machine  consists  of  an  ordinary  pump  with  large  chambers 
A  A  at  each  end  of  the  barrel,  which  are  filled  with  water.  As  the  piston 
B  moves  to  and  fro  the  water  alternately  rises  and  falls,  drawing  in  air  as 
it  falls  and  compressing  it  as  it  rises.  On  account  of  the  inertia  of  the 
water,  the  speed  at  which  these  compressors  run  should  not  exceed  150  feet 
per  minute  at  the  surface  of  the  water,  which  is  about  one-third  the  speed 
at  which  many  dry  compressors  run,  and  hence  this  type  of  compressor  is 
necessarily  large  and  bulky  for  a  given  output  of  air. 

(b)  Dry  Compressors. 
The  dry  air  compressor  in  its  simplest  form  consists  of  an  ordinary 
cylinder,  provided  with  a  tight  fitting  piston  and  suitable  valves  for 
admitting  and  delivering  the  air.  During  the  outstroke,  air  flows  into 
the  cylinder  through  the  inlet-valves,  and  as  soon  as  the  return  stroke 
commences  the  inlet-valves  close,  and  the  air  in  the  cylinder  is  compressed 
until  it  lifts  the  delivery-valves,  and  is  forced  into  the  receiver.  Fig.  4, 
(Plate  X.),  shows  the  arrangement  of  the  Fowler  compressor.  Air  enters 
through  the  inlet-valves  A  as  the  piston  moves  forward,  then  on  the 
return  stroke  the  air  is  delivered  through  the  outlet-valves  B.  The 
cylinder  is  surrounded  by  a  water-jacket  G  to  keep  it  cool. 

Another  well-known  dry  compressor  of  somewhat  different  design  is 
shown  in  Fig.  5  (Plate  X.),  viz.  the  Ingersoll-Sergeant  compressor.  The 
air  enters  the  cylinder  through  a  hollow  tail-rod  E,  the  inlet-valve  G  being- 
placed  inside  the  piston.  The  outlet-valve  is  shown  at  H  and  the  jacket  at 
J.  It  should  be  observed  that  in  this  case  the  covers  are  almost  completely 
water- jacketed,  an  arrangement  which  cannot  be  adopted  when  the  delivery- 
valves  are  in  the  cover.  Special  points  of  detail  in  connexion  with  the 
above  compressors  will  be  noticed  in  the  next  section. 

3. — Sources  of  Loss  in  Compressing-  Air. 
1.  Heating  of  Air  during  Compression. — When  dealing  with  the  general 
principles  of  air  compression,  it  was  stated  that  the  heating  of  the  air 
during  compression  was  a  direct  source  of  waste ;  this  will  be  more  clearly 
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seen  by  referring  to  Figs,  6,  7,  and  8  (Plate  X.),  on  which  adiabatic  and 

isothermal  curves  have  been  drawn  to  enable  a  better  comparison  to  be 
made.  The  shaded  area  in  each  case  shows  the  work  lost  by  the  heating  of 
the  air  during  compression,  from  which  it  will  be  seen  that  it,  is  in  the  highest 
degree  desirable  to  keep  the  air  as  cool  as  possible  during  the  compression 
process.  In  the  Sommeiller  and  the  Hathorn-Davey  compressors  (Figs.  1 
and  2,  Plate  X.)  the  air  is  constantly  in  contact  with  a  fresh  supply  of  cold 
water,  and  with  the  cold  sides  of  the  compression-chambers  which  effectually 
serve  to  keep  down  the  temperature  of  the  air  as  it  is  compressed. 

The  advocates  of  the  type  of  compressor  shown  in  Fig.  3  (Plate  X.), 
urge  that  the  water  constantly  washing  to  and  fro  in  the  compression- 
chambers  serves  to  cool  the  air  ;  this,  however,  is  a  fallacy,  for  after  a  short 
time  the  water  itself  gets  hot,  and  of  course  no  longer  serves  for  cooling 
purposes.  A  small  amount  of  fresh  cold  water  is  injected  at  every  stroke, 
and  this  helps  slightly  to  keep  down  the  temperature.  In  the  dry  compres- 
sor the  usual  method  of  cooling  the  air  is  to  use  a  water-jacket  (Fig.  4, 
Plate  X.),  sometimes  only  round  the  barrel  of  the  cylinder  and  some- 
times, in  special  cases  (Fig.  5,  Plate  X.),  round  the  greater  pari  of  the 
covers  as  well.  Water-jackets,  however,  at  their  best  are  only  moderately 
efficient  in  keeping  down  the  temperature  of  the  air  ;  in  order  to  obtain 
the  best  results,  the  cold  water  should  always  enter  at  the  bottom  of  the 
jacket  and  leave  at  the  top. 

A  far  more  efficient  method  of  cooling  the  air  is  to  inject  a  fine  spray 
of  water  into  the  cylinder  (Figs.  3  and  'J,  Plate  X.),  during  the  compression- 
stroke.  Some  makers  however  strongly  object  to  introducing  water  into  the 
cylinders  on  account  of  the  trouble  that  may  arise  from  the  corrosion  of 
the  piston  and  cylinder.  The  method  sometimes  adopted,  of  injecting 
water  during  the  suction-stroke  does  practically  no  good  as  far  as  cooling 
the  air  is  concerned. 

By  far  the  best  method  of  cooling  the  air  is  that  of  stage  compression 
with  intermediate  cooling,  viz.:— compressing  up  to  a  low  pressure  in  one 
cylinder,  passing  the  air  through  an  intermediate  cooler,  and  thence  to  a 
second  cylinder,  where  it  is  again  compressed  to  a  higher  pressure.  In 
certain  cases  three  and  even  more  Btages  are  adopted. 

Figs.  10  and  11  (Plate  XL),  show  the  general  arrangement  of  the  West 
two-stage  compressor.  The  air  enters  the  low-pressure  cylinder  at  J,  after 
compression  to  aboul  35  lbs.  per  Bquare  inch,  it  passes  through  the  inter- 
mediate cooler  B  on  its  way  to  the  high -pressure  cylinder,  and  thence  after 
a  second  compression  to  the  mains.  By  reference  to  Pig.  12  (Plate  XL), 
it  will  be  seen  that  by  stage  compression,  the  compression-curve  can  lie  kept 
almost  as  near  the  isothermal  as  desired. 
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This  method  of  compressing  was  used  as  early  as  1830,  although  mauy 
people  at  the  present  day  profess  to  have  recently  discovered  it.  Until 
quite  recently  it  was  considered  undesirable  to  use  a  stage  compressor  unless 
very  high  pressures  were  being  dealt  with.  In  the  Appendix  (Tables  II. 
and  III.),  will  be  found  the  results  of  some  tests  carried  out  by  the  author, 
on  a  compressor  working  up  to  about  four  atmospheres,  both  with  and 
without  stage  compression,  which  very  clearly  show  that  with  even  such 
low  pressures  as  four  atmospheres  considerable  economy  results  from  stage 
compression. 

For  pressures  of  four  atmospheres  and  upwards  the  extra  first  cost 
and  wear-and-tear  of  a  stage  compressor  will  pay  for  itself  over  and  over 
again ;  but  for  pressures  below  four  atmospheres  stage  compression  would 
probably  not  pay,  because  the  loss  which  arises  from  heating  of  the  air 
increases  rapidly  as  the  pressure  increases.  The  curves  in  the  diagram 
(Fig.  13,  Plate  XI.)  show  this  point  very  clearly. 

For  this  reason  many  constructors  have  urged  the  use  of  only  very 
low  pressures  for  compressed  air  transmission.  It  must,  however,  be 
remembered  that  high  pressure  air  can  be  used  much  more  efficiently  in 
the  motor  than  low  pressure  air,  an  increased  efficiency  which,  to  a  large 
extent,  compensates  for  the  greater  heat  losses. 

2.  Resistance  of  the  Air  in  passing  through  the  Suction-valves. — 
Suction-valves  are  commonly  arranged  on  the  cover  of  the  compressor- 
cylinder.  When  the  mushroom  type  of  valves  are  used  (Fig.  14,  Plate 
XL,)  springs  are  employed  to  keep  them  up  to  their  seats.  If  these 
springs  be  at  all  slack  the  valves  will  chatter,  and  if  too  tight  there  will 
be  a  very  considerable  resistance  to  the  air  when  passing  into  the  com- 
pressor, as  shown  by  the  shaded  area  in  Fig.  15  (Plate  XI.).  This  resist- 
ance is  a  dead  loss,  for  indicator  diagrams  almost  invariably  show  that 
the  suction  line  comes  up  to  the  atmospheric  line  at  the  end  of  the  stroke. 
The  negative  suction  pressure  often  amounts  to  2  or  3  lbs.  per  square 
inch,  which  represents  a  serious  waste  of  power.  This  loss  may  be 
reduced  by  using  larger  valves,  in  order  to  keep  the  velocity  of  the  air  in 
passing  through  them  as  low  as  possible,  or  by  adopting  some  special 
form  of  inlet- valve,  such  as  the  Reidler  shown  in  Fig.  16  (Plate  XL), 
or  the  Fowler  shown  in  Fig.  17  (Plate  XL),  or  by  having  some  independent 
mechanical  means  of  opening  the  valves  at  the  proper  moment. 

Fig.  18  (Plate  XII.)  shows  the  arrangement  of  the  West  and  Jenkins 
inlet-valve.  The  valve-boxes  are  shown  at  C,  the  valves  themselves  are 
of  the  mushroom  type,  provided  with  two  springs  on  the  valve- stem.  The 
lower  one  tends  to  open  the  valve,  while  the  upper  one,  which  is  very 
much  stronger,  tends,  when  free,  to  keep  the  valve  on  its  seat.     The  lexer 
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B  and  the  cam  A  are  arranged  to  compress  or  let  go  the  latter  spring  at 
the  desired  moment.  When  the  piston  is  nearly  at  the  end  of  the  com- 
pressioi]  stroke,  the  cam  forces  down  the  end  of  the  lever  and  compresses 
the  upper  or  closing-spring,  and  so  relieves  the  valve  of  the  downward 
pressure  of  the  spring.  The  weaker  opening-spring  below  then  tends  to 
open  the  valve,  but  this  of  course  cannot  take  place  so  long  as  there  is  a 
high  pressure  in  the  cylinder,  but  as  soon  as  the  suction -stroke  begins  and 
the  pressure  falls  to  that  of  the  atmosphere,  the  valve  immediately  lifts 
and  remains  open  until  the  cam  again  begins  to  lower  the  lever  and 
gradually  allows  the  stronger  closing-spring  to  come  into  action,  and  thus 
returns  the  valve  to  its  seat  just  as  the  piston  reaches  the  end  of  the 
stroke.  The  valve  is  thus  forced  wide  open  at  once  and  remains  so  with- 
out offering  any  appreciable  resistance  to  the  incoming  air. 

Mechanically  actuated  valves  are  always  to  be  preferred  for  large-sized 
compressors,  but  they  are  usually  too  great  a  refinement  for  small  ones. 

3.  Resistance  of  the  Air  in  passing  through  the  Delirery-rahrs  In 
badly  constructed  compressors,  the  delivery-pressure  in  the  cylinder  is 
frequently  10  or  12  lbs.  above  the  receiver-pressure  (Fig.  15,  Plate  XL). 
The  extra  work  required  to  deliver  the  air  against  this  resistance  is  also  a 
source  of  loss. 

Fig.  1!)  (Plate  XII.)  shows  the  form  of  delivery-valve  used  by  Messrs. 
Fowler  &  Co.  of  Leeds,  and  Fig.  20  (Plate  XII.)  the  valve  used  in  the 
Ingersoll -Sergeant  compressor. 

Nearly  all  high-class  compressors  at  the  present  day  are  arranged  with 
mechanical  devices  for  opening  the  delivery-valves  at  the  right  moment. 
Some  of  them,  however,  have  this  objection:  if  the  air  is  being  used  from 
the  receiver  faster  than  the  compressor  can  supply  it  at  the  high  pressure, 
the  compressor  presses  the  air  up  to  the  high  pressure  and  then  allows  it 
to  fall  to  the  pressure  in  the  mains,  which  is  a  very  serious  drawback. 
In  order  to  overcome  this  difficulty,  various  very  ingenious  devices  of 
equilibrium-valves  have  been  invented.  It  will  be  seen  from  Fig.  21  (Plate 
XII.)  that  no  Buch  devices  are  necessary  if  the  valves  he  arranged  with 
springs,  so  that  they  can  lift  of  their  own  accord  in  case  the  pressure  in  the 
receiver  falls  below  its  normal. 

1.  Clearance  Losses. — In  the  ordinary  dry  compressor  the  volume 
swept  through  by  the  piston  is  not  the  whole  volume  of  the  cylinder. 
For  obvious  reasons,  a  small  amount  of  clearance  must  be  left  for  the 
piston  at  both  ends  of  the  stroke,  and  the  passages  between  the  piston 
and  the  valves  add  to  the  clearance-volume.  When  the  piston  arrives  at 
the  cud  of  its  stroke,  the  air  which  is  entrapped  in  the  clearance-space  is 
at  a  high  pressure,  and  it  immediately  begins  to  expand  when  the  piston 
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commences  its  next  stroke  ;  the  suction-valves  therefore  remain  closed 
until  the  air  has  expanded  slightly  below  the  atmospheric  pressure  ;  thus, 
when  dealing  with  high  pressures  and  large  clearance-spaces,  the  volu- 
metric efficiency  of  a  compressor  may  be  very  seriously  reduced.  The 
diagram  in  Fig.  22  (Plate  XII.),  shows  that  this  loss  in  some  cases  amounts 
to  20  per  cent. 

In  order  to  reduce  the  clearance-spaces,  some  makers  run  their  pistons 
exceedingly  near  the  cover ;  this  method,  however,  has  the  disadvantage 
that  when  the  connecting-rod  becomes  shortened  by  wear,  the  piston  fouls 
the  cover  and  may  cause  a  serious  disaster.  Such  a  compressor  requires 
the  greatest  attention  and  care  on  the  part  of  the  engineman  to  prevent 
accidents. 

At  Birmingham,  Mr.  Sturgeon  arranged  his  compressors  with  lifting- 
covers,  so  that  the  piston  slightly  raised  the  cover  at  each  stroke,  and  thus 
reduced  the  clearance  to  an  exceedingly  small  amount.  It  will  be  seen, 
however,  that  such  devices  are,  to  say  the  least,  clumsy  and  expensive. 

Others  have  attempted  to  overcome  the  clearance  difficulty  by  the  use 
of  wet  compressors  (Fig.  3,  Plate  X.),  or  by  filling  the  clearance-spaces 
with  water,  an  arrangement  which  is  only  fairly  effectual  as  far  as  the 
clearance  goes,  for  the  water  absorbs  air  during  the  compression,  and 
gives  it  out  during  the  suction-stroke,  and  moreover  it  is  liable  to  corrode 
the  cylinder  and  piston,  and  limits  the  speed  of  working.  The  simplest 
method  of  reducing  this  loss  is  that  of  using  either  a  trick  passage  in  the 
slide-valve  of  a  slide-valve  compressor  (Fig.  23,  Plate  XII.)  ;  or  by-pass 
grooves  (Fig.  24,  Plate  XII.),  in  the  end  of  the  cylinder,  arranged  in  such 
a  manner  that  when  the  piston  reaches  the  end  of  the  stroke,  it  passes  over 
the  grooves  B,  and  allows  the  high  pressure  air  entrapped  in  the  clearance- 
space  to  pass  to  the  other  side  of  the  piston,  i.e.,  from  where  it  is  a  distinct 
evil  to  where  it  is  a  distinct  gain.  By  this  arrangement,  the  suction-valves 
begin  to  open  immediately  and  compression  begins  (Fig.  25,  Plate  XII.) 
as  soon  as  the  piston  commences  its  stroke,  the  effective  clearance-space  is 
reduced  to  an  exceedingly  small  amount  without  running  the  slightest 
risk  of  the  piston  fouling  the  cover,  which  is  a  very  important  point  when 
unskilled  drivers  have  charge  of  air  compressing-plant.  There  is,  however, 
a  very  slight  loss  of  efficiency  by  using  this  method,  but  it  is  infinitesimal 
as  compared  with  the  gain  in  other  directions.  The  usual  practice  is  to 
allow  the  air  to  pass  through  the  by-pass  grooves  at  a  velocity  not  exceed- 
ing 100  feet  per  second. 

A  word  of  warning  is  required  here.  The  load  on  the  air-piston  is 
suddenly  removed  when  it  uncovers  the  by-pass  grooves  ;  hence,  if  such 
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grooves  arc  adopted  without  arranging  a  considerable  amount  of  cushioning 
in  the  steam  cylinder,  there  will  lie  a  heavy  thump  at  the  end  of  each  stroke. 
The  compound  or  stage  compressor  also  shows  to  great  advantage 
in  the  matter  of  clearance,  for  if  two  cylinders  are  used,  the  range  of 
pressure  in  each  cylinder  is  reduced  to  roughly  one-half,  and  the  clearance 
loss  in  the  low  pressure  cylinder  is  reduced  to  even  less  than  one-half. 
The  clearance  in  the  high  pressure  cylinder  is  of  comparatively  little  con- 
sequence, for  whatever  air  passes  from  the  low  pressure  cylinder  to  the 
receiver,  must  pass  through  the  second  cylinder  whatever  its  clearances  may 
be.  For  other  reasons,  however,  it  is  not  desirable  that  the  latter  clearance 
should  be  larger  than  necessary.  It  must  not  be  forgotten  that  big 
clearance-spaces  are  not  an  actual  loss  of  power  in  the  compressor,  for 
they  simply  reduce  the  quantity  of  air  that  any  compressor  will  deliver. 

5.  Losses  through  Leaky  Pistons. — The  piston  of  the  air  compressor 
is  much  more  difficult  to  keep  tight  than  the  piston  of  a  steam  engine,  in 
the  latter  case  the  moisture  from  the  steam  helps  to  keep  the  piston  tight, 
but  with  dry  air  it  often  happens  that  a  considerable  proportion  of  the  air 
escapes  past  the  piston.  The  effect  of  leakage  on  the  indicator  diagram 
of  an  air  compressor  is  to  make  the  compression-line  fall  lower  than  it 
otherwise  would.  It  thus  makes  the  compressor  appear  to  be  doing  better 
work  than  it  really  is — but  it  of  course  reduces  the  quantity  of  air  that  it 
ought  to  deliver.  Stage  compressors  also  show  to  great  advantage  as 
far  as  leakage  is  concerned.  The  range  of  pressure  is  approximately  only 
one-half  of  what  it  is  in  the  simple  compressor  ;  consequently  the  leakage 
is  reduced  to  about  one-half  in  the  first  cylinder,  and,  as  remarked  above, 
whatever  air  passes  through  the  first  cylinder  must  pass  through  the 
second.     The  loss  from  leakage  in  wet  compressors  is  practically  nil. 

6.  Loss  from  Friction  of  Mechanism. — This  loss  is  purely  a  mechanical 
matter.  It  depends  largely  on  the  arrangement  of  the  compressor,  the 
accuracy  of  workmanship,  and  the  efficiency  of  the  lubricating  arrange- 
ments. In  a  well  designed  compressor  it  should  not  amount  to  more  than 
15  per  cent,  after  all  the  surfaces  have  got  well  bedded,  in  many  cases, 
however,  it  amounts  to  30  per  cent. 

The  figures  in  Table  IV.  of  the  Appendix  show  very  clearly  the  import- 
ance of  reducing  the  losses  enumerated  above.  It  will  be  seen  that  in 
badly  designed  compressors  more  than  one-half  of  the  power  is  wasted 
before  the  air  enters  the  mains.  We  must  not  forget,  however,  that  the 
efficiency  of  a  compressor  is  not  everything.  If  a  slight  gain  in  efficiency 
be  effected  by  additional  complication  in  the  machinery,  it  may  not  always 
hi'  u'ood  policy,  especially  for  mining  purposes,  to  adopl  it.  A  simple  com- 
pressor of  moderately  low  first  cost  which  will  give  fairly  efficient  results. 
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which  does  not  easily  get  out  of  order,  and  does  not  require  highly  skilled 
attention,  is  for  the  majority  of  purposes  a  far  more  serviceable  machine 
than  one  which  is  highly  efficient  but  more  complicated.  Generally 
speaking,  it  does  not  pay  to  go  in  for  very  great  refinements  in  small 
compressors.  The  larger  the  compressor  the  more  desirable  it  is  to  mini- 
mize every  possible  loss. 

4. — AlR-MAINS. 

If  the  air  could  be  utilized  immediately  on  leaving  the  compressor  in 
its  hot  state,  before  it  had  time  to  cool,  there  would  be  no  loss  of  heat  by 
radiation,  and  the  heating  of  the  air  would  no  longer  be  a  source  of  loss  ; 
but  as  soon  as  the  hot  air  is  delivered  into  the  mains  it  very  rapidly  cools 
down  to  its  original  temperature.  In  the  Birmingham  scheme,  the  air 
was  delivered  at  a  high  temperature  (280  degs.  Fahr.)  into  the  mains,  but 
it  led  to  somewhat  serious  results.  The  great  expansion  and  contraction 
of  the  pipes,  due  to  the  variation  in  the  temperature  very  soon  caused  the 
leakage  to  be  exceedingly  high,  in  fact,  after  a  few  months'  working  45 
per  cent,  of  the  air  was  lost  by  leakage  in  the  mains  alone.  This  undesir- 
able state  of  affairs  was  not  the  fault  of  the  engineers,  as  the  Birmingham 
Corporation  insisted  on  unsuitable  mains  being  used. 

In  Paris  there  are  about  20  miles  6f  mains,  and  the  leakage  per  mile 
amounts  to  less  than  1  per  cent.  The  type  of  joint  adopted  in  these 
mains  is  shown  in  Fig.  26  (Plate  XII.) .  It  is  cheap,  easily  fitted,  easily 
renewed,  and,  under  all  ordinary  circumstances,  is  to  all  intents  and 
purposes  air-tight ;  but  if  mains  are  subjected  to  great  extremes  of 
temperatures  they  cannot  be  expected  to  remain  tight  for  long  together. 

When  determining  the  most  economical  size  of  main  to  use  for  a 
given  purpose  the  friction  of  the  air  must  be  taken  into  account.  For 
convenience  a  series  of  curves  have  been  plotted  in  Fig.  27  (Plate  XII.), 
showing  the  loss  of  pressure  due  to  friction  in  small  mains,  such  as  are 
used  in  mines. 

Cost  of  Air-mains. — In  the  case  of  a  proposed  installation  for  the 
transmission  of  air  on  the  Continent,  the  relative  cost  of  the  mains  for 
transmitting  the  power  electrically  and  by  compressed  air  was  gone  into 
very  carefully,  and  it  was  found  that  for  a  large  installation  the  electric 
mains  would  cost  about  six  times  as  much  as  air-mains.* 

*  On  looking  more  carefully  into  this  question,  the  writer  finds  that  the  electric 
installation  included  a  very  expensive  subway  for  the  mains,  which  of  course  would 
not  be  required  for  the  air.  Enquiries  of  engineers  in  various  directions  lead  the 
writer  to  believe  that  for  colliery  purposes  there  is  but  little  difference  between  I  he 
cost  of  air  and  electric  mains  ;  some  speak  very  positively  in  favour  of  the  one  and 
others  just  as  positively  in  favour  of  the  other  system,  so  far  as  the  cost  of  the 
mains  is  concerned. 
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5.— Air-motors. 

When  the  air  reaches  the  motor  at  the  point  at  which  it  is  to  be 
ntilized,  it  is  at  or  mar  the  temperature  of  the  atmosphere.  It  has  already 
been  pointed  out  that  when  air  is  compressed  its  temperature  is  raised 
because  work  has  been  expended  upon  it.  Now  during  expansion  the  air 
performs  work  at  the  expense  of  its  internal  heat  energy;  consequently 
the  temperature  falls  to  an  exactly  equal  amount  to  which  it  was  raised 
during  compression.  Hence,  if  cold  air,  which  always  holds  some  moisture 
in  suspension,  he  allowed  to  expand  in  the  cylinder  of  the  motor,  its  tem- 
perature will  fall  to  such  an  extent  that  the  moisture  will  freeze,  and 
unless  the  precaution  has  been  taken  to  make  the  exhaust  passages  very 
large  and  straight  they  will  soon  choke  up  with  ice. 

We  cannot,  however,  afford  to  use  air  without  expansion,  for  it  is  an 
exceedingly  wasteful  process,  even  worse  than  using  steam  without  expan- 
sion. Hence,  if  we  are  anxious  to  obtain  economy,  we  must  devise  some 
means  of  using  our  air  expansively,  without  being  encountered  with  the 
freezing  difficulty.  In  some  instances  this  difficulty  is  avoided  by  spray- 
ing water  into  the  cylinder  during  the  expansion.  As  the  specific  heat  of 
water  is  four  times  that  of  air,  and  it  is  about  800  times  as  heavy,  a  very 
small  quantity  of  water  suffices  to  prevent  the  temperature  of  the  air 
from  falling  below  freezing  point.  This  spraying  method,  however,  has 
only  a  very  limited  application. 

If  high  grades  of  expansion  in  one  cylinder  are  required,  the  air  must 
be  re-heated  before  it  reaches  the  motor.  Re-heaters  usually  consist  of 
a  coil  of  pipes  placed  in  a  small  furnace  near  the  motor,  so  arranged  that 
all  the  air  passes  through  them  on  its  way  to  the  motor,  and  is  thus  raised 
to  a  high  temperature,  such  as  250  degs.  or  350  degs.  Fahr.  In  some 
instances  compound  motors  are  used  in  which  the  re-heated  air  is 
expanded  in  one  cylinder,  then  passed  through  an  intermediate  heater, 
and  thence  to  a  second  air  cylinder.  This  system  of  re-heating  is  by  far 
the  most  promising  simple  method  of  increasing  the  efficiency  of  com- 
pressed air  installations. 

A  still  further  economy  may  he  obtained  by  injecting  a  very  small 
quantity  of  water  into  the  air  at  the  re-heating  coil,  where  it  is  instantly 
vaporized  and  passes  as  steam  into  the  motor.  The  steam  gives  up  its 
latent  heat  during  the  expansion  of  the  air.  and  very  effectually  prevents 
freezing,  even  with  very  high  grades  of  expansion.  The  injection  can  he 
very  easily  accomplished  by  gravity  only  if  a  closed  water-tank  be  placed 
above  the  heater.  In  some  instances  in  Paris  only  0*2  lb.  of  coke  has 
been  used  for  every  additional  horse-power  obtained  by  re-heating  the  air. 
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which  is  about  one-eighth  as  much  as  the  best  steam  engines  require  ; 
and,  moreover,  the  air  leaves  the  motor  at  a  temperature  at  or  near  the 
temperature  of  the  atmosphere  ;  thus  all  trouble  arising  from  freezing  of 
water  in  the  passages  is  entirely  obviated. 

In  one  or  two  instances  in  Yorkshire,  a  consulting  engineer  has 
guaranteed  a  saving  of  30  per  cent,  by  the  addition  of  a  re-heater  to  a 
colliery  plant — the  total  outlay  seldom  exceeding  £50.  In  every  instance 
he  has  obtained  considerably  over  rather  than  under  the  guaranteed  30 
per  cent.  Of  course,  it  will  be  seen  at  once  that  a  re-heating  furnace 
cannot  be  used  in  mines  where  naked  lights  are  forbidden. 

The  author  knows  of  one  instance  of  a  mine  in  which  a  furnace  has 
been  placed  inside  the  air-mains,  in  order  to  avoid  the  danger  of  colliery 
explosions.  In  one  or  two  instances  lucigen  lights  have  been  placed  in 
the  air-mains,  and  have  thus  re-heated  the  air  before  arriving  at  the 
motor.  This  plan,  so  far  as  the  re-heating  is  concerned,  answers 
admirably,  although  it  is  troublesome  on  account  of  the  excessive  amount 
of  soot  that  is  deposited  in  the  various  working  parts  of  the  motor. 

"When  speaking  of  the  compression  of  air,  the  author  omitted  to  men- 
tion the  effect  of  moisture  in  the  air  during  the  compression  process. 
The  specific  heat  of  water-vapour  is  about  twice  that  of  dry  air  ;  hence, 
if  any  vapour  be  present,  more  heat  will  be  required  to  raise  its  tempera- 
ture than  if  the  air  were  dry  ;  consequently  also  less  work  is  expended  in 
compressing  moist  than  dry  air.  Likewise,  when  moist  air  is  expanding, 
its  temperature  does  not  fall  so  rapidly  as  it  would  if  dry. 

The  results  of  some  tests  of  air-motors  are  given  in  Table  V.  of  the 
Appendix. 

In  Table  VI.  of  the  Appendix  the  various  losses  are  shown  in  each 
stage  of  the  utilization  of  compressed  air.  Thus  in  the  best  cases, 
without  re-heating  about  55  per  cent.,  and  with  re-heating  75  per  cent, 
of  the  total  power  is  given  out  by  the  motor,  whereas  in  some  cases  only 
9  per  cent,  is  given  back.  It  is  such  cases  as  the  latter  that  have 
caused  mining  engineers  and  others  to  deprecate  the  use  of  compressed 
air.  It  is,  however,  utterly  unfair  to  judge  of  the  system  by  such  crude 
appliances.  No  subject  connected  with  engineering  repays  better  scientific 
treatment  than  the  utilization  of  compressed  air.  A  purely  practical  man 
signally  fails  ;  the  purely  theoretical  man  has  no  better  success  ;  whereas 
the  combined  practical-and-theoretical  man  gets  results  ten  times  as  good 
as  those  obtained  with  many  of  the  crude  compressors  now  in  use. 
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APPENDIX. 

Lei  P.  =  the  absolute  pressure  (i.e.,  the  gauge  pressure  pUu  the  atmospheric 

pressure  usually  taken  as  1  P7  lbs.  per  Bq.  inch)  of  the  air. 
P..,  P,,  etc.,  =  the  absolute  pressure  of  the  air  under  changed  conditions. 
V,,  V_  V3,  etc.,  =  the  volume  of  the  air  corresponding  to  the  pressures  P„ 

P„,  etc. 
T,,  T„.  T3.  etc.,  =  the  absolute  temperatures  (i.e..  the  temperature  Fahrenheit 

plus  4t">l  dogs.)  of  the  air  corresponding  to  the  pressures  and  volumes 

1',.  V,.  etc. 

(1)  Then  P,V,  =  P.,V2  =  P,VS  =  a  constant  quantity,  provided  there  be  no  change 

of  temperature  of  the  air  (isothermal  process). 

(2)  P,V,n  =  PjVj"  =  P3V3U  =  a  constant  quantity,  when  the  temperature  of 

the  air  does  change  (adiabatic  process  when 
n  =  1-408). 
n  =  roughly  1*2  with  spray  injection,  1'3  with  water-jackets,  and  1*4 
witli  no  cooling  arrangements. 
Also   P,V,  =  CT, ;  and  P2V2  =  CT2.  where  C  is  a  constant  quantity. 

P  V         T  P         T 

Or      -1— i  =     ',  or  -1  =     '  when  the  volume  does  not  change. 

p,v,    iy     p,    t2 

V         T 

(3)  \l  =  -1  when  the  pressure  does  not  change. 
\ ._.        J  2 

(4)  The   temperature   of  dry  air  (T,)   after  compression  can   be  shown   to  be 

P  \«  -  l 

~  j  n  using  the  same  notation  as  above,  from  which  the  follow- 
ing table  has  been  calculated,  taking  n  =  P40S,  i.e.,  when  no  heal 
passes  to  or  from  the  air  during  the  compression  process.  See  the 
curve  shown  in  Fig.  13,  Plate  XI. 
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Table  I. 

Absolute 

Pressure. 

Temperature  of 

Pounds  per 
Bq.  Inch. 

Atmospheres. 

Air  in 
Degrees  Fahr. 

14-7 

1 

600 

29-4 

2 

175-8 

441 

3 

255-1 

58-8 

4 

317-4 

73-:» 

5 

369-4 

88-2 

6 

414-5 

102-9 

7 

454-5 

117-6 

8 

490-6 

1323 

'•• 

523-7 

1470 

10 

554-0 

If  V.,  be  the  volume  in  cubic  feet  of  one  pound  of  air  at  the  pressure  Pr  then  the 

work  done  in  foot  pounds  in  compressing  one  pound  of  air  from  the  pressure  P2  to 

the  pressure  P,,  is — 
p 
(5)  P„V.:loge  „'  (isothermal). 


co  „"_x  p.v«[(p)""    - 0 (adjabfttic)' 


The  difference  between  the  work  done  in  the  two  cases  18  the  work  wasted  in 
heating  the  air  (Fig.  13.  Plate  XI.). 
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Table  II.— Tests  op  a  West  Aie  Compressor  under  various  conditions.* 


Conditions  of  Compression. 


Revolutions  per  minute  ...         ...         

Pressure  in  air-receiver  (lbs.  per  sq.  inch  above 

atmosphere)     ...         ...         ...         

Indicated  horse-power — 

Steam,  high  pressure  ... 

„        low         .,        

Air,        high       „ 
„  low        „        

Steam,  total     ... 

Air,  „         

Mechanical  efficiency,  per  cent.... 
Efficiency  of  compression  process 
Compression  process  (PV»  =  constant)  n 
Calculated  volume  of  air  delivered  per  stroke 

at  atmospheric  pressure,  allowing  for  clear 

ance  and  by-pass,  i.e.  98  per  cent,  of  working 

volume,  cubic  feet 
Volume  of  air  delivered  per  stroke,  as  measured 

in  receiver,  corrected  for  temperature  and 

pressure,  cubic  feet    ... 
Volume  of  air  delivered  per  indicated  horse- 
power per  hour  at  atmospheric  pressure 
Mechanical  efficiency  per  cent.,  corrected* 


Two 

Two 

Stage, 
New. 

One 

Stage, 
New. 

Two 

Stage, 
New. 

One 

Stage, 
New. 

Stage, 
after 
two 
months- 
work. 

44-6 

30-5 

34 

60 

60 

0  to  60 

0  to  60 

63 

22  64 

17-45 

24-28f 

82-18 

1041 

16-62 

12-50 

11-60 

19-84 

16-25 

54-82 

17-45 

34-69 

36-46* 

12-50* 

27-85 

66-5 

71-5 

80-3 

80-2 

70-5 

82-1 

1-28 

1-35 

1-28 

3-14 

1-38 

318 

1-40 

306-7 

289-9 

369-3 

80-2 

86-3 

S0-3 

When  the  compressor  gave  80-3  per  cent,  of  mechanical  efficiency  it  was  only 
working  at  about  half  power  with  no  condenser ;  when  working  full  power  this  will 
undoubtedly  be  much  higher,  probably  at  least  85  per  cent. 


Table  III. — Heat  Accounts  for  the  West  Air  Compressors. 

Weight  of  water  passing  through  jacket  of  low  pressure  air  Two  stage,  New. 

cylinder  per  hour        ...         ...         383  lbs. 

Weight  of  water  passing  through  cooler          ...         471    ,, 

„            „             „        jacket  of  high  pressure  air  cylinder  328    „ 

Rise  of  temperature  of  water  from  low  pressure  jacket        ...  32-25  degs.  Fahr. 

,,                „                      ,,             cooler        ...  53-03         „ 

„                „                      „             high  pressure  jacket      ...  40-03         „ 

Weight  of  air  compressed  per  hour        ...         ...         ...         ...  1,218  lbs. 

Temperature  of  air  on  leaving  cooler  (calculated)     ...         ...  178  degs.  Fahr. 

,,               ,,           high  pressure  cylinder  (calculated)  ...  186         „ 

Temperature  of  air  at  inlet  of  low  pressure  cylinder            ...  54         „ 

Assumed  temperature  of  air  at  the  beginning  of  the  com- 
pression process  J        ...         ...         ...         ...         ...         ...  60         „ 

Heat  produced  in  low  pressure  cylinder  per  hour 
high 


50,890  thermal  units. 
42.630 


both  cylinders 


93.520 


*  When  the  first  two  trials  were  made  the  compressor  was  quite  new,  and  was  only  temporarily  bolted 
down  to  a  timber  foundation,  hence  the  low  mechanical  efficiency.  In  the  corrected  mechanical 
efficiency  the  author  has  assumed  that  the  mechanical  efficiency  in  the  first  two-stage  trial  to  be  the  same 
as  in  the  last,  and  he  has  corrected  the  mechanical  efficiency  of  the  one-stage,  thus:— 80'3  X  71  '5  -j-  66'5 
=  86'3  per  cent.  t  No  condenser. 

J  The  temperature  of  the  air  at  the  beginning  of  the  compression  process  is  greater  than  the  outer 
temperature,  on  account  of  its  getting  heated  on  passing  through  the  hot  inlet-valves. 
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I  in  low  pressure  jacket  water     ... 

in  cooler 

In  high  -pressure  jacket  water  ...        ...        ...     13,130 

in  air  leaving  low  pressure  cylinder  (calculated)     11,020 
Radiation  and  unaccounted  for  between  the  Low  and  hi;_rli 

ssure  cylinders       ...        ...        ...        ...      2,550 

Eeal  rejected  in  air  leaving  high  pressure  cylinder  (calculated)  27,250 
Radiation  and  unaccounted  for  ...        ...      2,250 


12,350  thermal  units. 
24,970 


Total 


93,620 


Tablk  IV.— Efficiency  of  Ant  Compkkssors. 


Type  of  Compressor. 

6 

Single  Stage. 

Two  Stage. 

Three 
Stage. 

ii 

-  u 

Hi 

Water 
Piston. 

Dry. 

Wat(  r 
Jacket 

Spray. 

Spray 
Pos- 
sible. 

95 

Stur- 
geon, 
Paris. 

Water  Jacket. 

St. 
Got- 
hard, 

Oolla- 

don. 

Cock- 
erill. 

West. 

A  Col- 
liery 
Plant. 

West. 

Had 
Lager. 

9) 

Paris, 

Mean. 

89'6 

Efficiency  of   compres- 
sion, per  cent. 

50 

72 

,M  ■:. 

71-3 

70-5 

70-7G 

Mean. 

81-2 

Pressure  in  atmospheres 
above  atmosphere  ... 

5 

6 

■1 

3 

G 

4 

2-3 

4 

6 

G 

Mechanical    efficiency, 
per  cent 

84 

84 

84-5 

See 
Table. 
8(5-3 

69  71 

Half 

Power. 

80-3 

Mean. 

88-5 

90 

Total  efficiency  of  com- 

pressor, per  cent.     ... 

49 

42 

60-5 

60-2 

60-8 

47-5  1 

65-2 

793 

85*5 

Table  V.— Efficiency  of  Air  Motors. 


Type  uf  Motor. 

Without  Expansion 

With  Expansion. 

With 
Expan 
1     sion 
and  Re- 
heating 

With  Bxnan- 

pion  in  Two 

Cylinders 

with  both 

Be  in  at.  r  and 

Inter-heater. 

5  in  all  Motors 

t.  sted  by 

the  Author. 

Paris 

West 

Paris. 

ACol- 
liery 

Plant. 

,  Paris." 

Large 

Motors. 

Possible 

Efficiency  of  utilizing 

air,  per  cent. 

Mean. 
29-fl 

Mean. 

10-0 

70-0 

72-0 

71 

89-0 

100  or  nime. 

Pressure    in  Lbs.  per 

square  inch 

80 

735 

80 

73-6 

20-40 

95-5 

... 

Mechanical  efficiency, 

per  cent.    ... 

."!•! 

As- 

.-uii. .a 
-:.-o 

Quite 

New. 
701' 

As- 

suuiid. 

85*0 

70 

9 10 

90 

Col  J     efficiency    of 
motor,  per  cent.  ... 

9-97 

340 

49-0 

61-2 

50 

81-0 

90 

Not  allowing  for  fuel  used  in  re-hl 
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Table  VI.— Efficiency  of  Transmission  by  Compressed  Air. 


Type  of  Plant. 

Worst, 
excluding 
Extreme 

Cases. 

Average 
of  Bad 
Cases. 

Average 
of  Good 
Cases. 

Best, 
excluding 
Extreme 

Cases. 

Possible 

under  the  1      Tests 

most              of  a 

favourable ,    Colliery 

circum-    .      Plant. 

stances.    | 

Efficiency  of  compressor, 
percent. 

Loss  by  leakage,  etc.,  say 
5  per  cent. 

Efficiency  of  utilizing  air 
in  the  motor,  per  cent. 

Total  efficiency  of  trans- 
mission, per  cent. 

35 
33 

25 

9 

45 
43 
35 
16 

65 
62 
50 
32 

75 

72 

I  75*  I 
1  86f  { 
(  56*  l 
|64tJ 

85 
81 
90 
73 

Mean. 
50-5 

48 

50 

Mean. 

24 

The  President  said  the  paper  opened  out  the  great  question  of  the 
transmission  of  power.  There  had  been  a  great  controversy  on  the 
relative  values  of  compressed  air  and  electrical  transmission.  They  had 
no  time  for  a  wide  discussion  on  the  merits  of  the  two,  and  it  would  be 
better  to  confine  the  debate  to  the  efficiency  of  air-compressing  plant. 

Mr.  W.  Cochrane  (Newcastle-upon-Tyne)  said  they  could  not  be 
too  grateful  for  the  exposition  in  so  simple  a  manner  of  the  problem  of 
compressed  air.  He  agreed  that  the  dry  air-compressor  properly  jacketed 
and  the  heating  process  subsequently  applied  seemed  to  be  the  direction  in 
which  compressed  air  might  be  economically  adopted  in  mines.  He  had 
the  Ingersoll  air-compressing  machine  in  use  with  such  a  heating  appara- 
tus attached.  It  was  his  opinion  that  compressed  air  would  compete 
successfully  with  electricity  for  transmission  of  power  to  long  distances. 

Mr.  T.  Vaughan  Hughes  (Stoke-upou-Trent)  asked  whether  the 
results  given  of  the  various  compressor-plants  were  those  of  the  Popp 
system,  obtained  by  Prof.  Kennedy  and  published  in  Industries  some 
time  ago  ? 

Prof.  Lupton  said  that  two  or  three  years  ago  he  and  Mr.  Sturgeon 
were  invited  by  the  Niagara  International  Commission,  of  which  Lord 
Kelvin  was  the  chairman,  to  send  a  scheme  for  the  utilization  of  100,000 
horse-power  at  Niagara  Falls.  They  got  a  prize  for  their  design,  the 
only  one  got  by  English  engineers.  They  recommended  the  use  of 
compressed  air,  and  proposed  to  send  the  greater  part  of  the  power   to 


Without  re-heating 


t  With  re-heating. 


A2 
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Buffalo,  a  distance  of  20  miles,  supplying  mills  and  towns  on  the  way 
and  the  vicinity  of  Niagara  Falls.  They  adopted  as  a  basis  of  calcula- 
tion the  results  obtained  from  the  Birmingham  air-compressors.  These 
gines,  working  at  1,000  horse-power,  gave  85  per  cent,  of  mechanical 
efficiency,  that  is,  only  15  per  cent,  was  absorbed  in  moving  the  engines, 
air-pumps,  and  compressors,  and  85  per  cent,  was  work  done  in  the 
air,  which  was  almost  equal  to  Mr.  Riedler's  efficiency  obtained  with 
more  recent  and  larger  engines  at  Paris.  With  regard  to  efficiency  by 
re-heating  he  made  a  test  on  some  engines  driving  the  tools  in  a 
mechanic's  shop.  The  re-heating  was  done  by  waste  materials  and  there- 
fore cost  nothing,  Putting  down  the  re-heating  at  nothing,  the  total 
efficiency  in  that  case  was  70  per  cent.,  and  the  indicated  horse-power  of 
the  motor  was  70  per  cent,  of  the  indicated  horse-power  of  the  compres- 
sor, after  allowing  for  leakages  and  other  loss.  With  regard  to  freezing 
in  the  exhaust  ports  of  air-motors,  Mr.  W.  D.  Scott-Moncrieff,  in  a  paper 
on  "Compressed  Air  Engines  for  Tramways,""  said  that  lie  had  made 
experiments  which  showed  if  they  expanded  the  air  in  the  cylinder  of  the 
motor  down  to  atmospheric  pressure,  so  that  it  exhausted  at  atmospheric 
pressure,  there  was  no  freezing  of  the  ports,  although  the  cold  produced 
must  have  been  of  the  most  intense  kind. 

Mr.  A.  L.  Steavenson  (Durham)  said  that,  having  used  compressed 
air  for  twenty  years,  and  water  to  cool  it,  he  had  found  nothing  more 
difficult  than  to  persuade  his  friends  to  use  water.  The  results  in  his 
own  case  had  been  extremely  good.  In  the  Park  ironstone  mines  (Cleve- 
land) they  used  it  in  a  hundred  different  working-places  and  had  many 
miles  of  small  distributing  pipes,  the  joints  of  which  were  extremely 
difficult  to  maintain.  The  ease  of  mains  laid  in  the  streets  of  Paris, 
which  were  never  disturbed,  was  different  to  the  case  of  a  mine  where 
they  were  being  continually  altered.  With  respect  to  cooling  the  cylinder 
there  was  one  plain  test — if  they  put  their  hands  on  the  air-pipes  adjacent 
to  the  compressing  cylinder  where  water  was  not  used  they  found  the 
pipes  too  hot  to  touch — at  a  pressure  of  i  atmospheres  the  temperature 
was  about  800  degS.  Fahr.  In  his  own  case  they  never  ha  1  the  pipes 
at  more  than  LOO  degs.  Fahr ,  and  the  compression  was  perfect.  When 
they  had  to  distribute  compressed  air  in  so  many  different  places  and 
could  not  keep  the  pipes  tight,  then  electricity  might  prove  useful.  In 
Cleveland  they  had  neither  coal  nor  gas  in  their  mines,  and  though  he 
had  used  compressed  air  for  many  years  he  had   now   introduced  elec- 

*  Priir.  Meeh.  Engineers,  1881,fpage  666. 
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tricity,  but  he  would  not  introduce  electricity  into  a  coal-mine.  He  did 
not  suppose  in  practice  that  the  efficiency  would  exceed  45  per  cent., 
owing  to  leakage.  In  his  own  case,  if  he  stopped  the  air-compressor  the 
pressure  fell  to  nothing  in  six  hours,  and  he  found  it  impossible  to 
prevent  the  fall.  He  was  sorry,  for  the  sake  of  his  own  countrymen,  to 
say  that  in  France  or  Belgium  their  engineers  excelled  in  the  use  of 
compressed  air — they  used  it  there  as  it  should  be  used. 

Mr.  J.  A.  Longden  (Nottingham)  said  that  four  years  ago  he  took 
charge  of  a  colliery  where  there  was  no  mechanical  haulage,  and  the 
question  had  to  be  decided  whether  to  adopt  ropes  down  the  shaft,  or 
electricity,  or  compressed  air,  and  he  decided  to  use  electricity.  At  that 
time  they  were  hauling  950  tons  per  day  with  fifty-two  ponies  ;  they  were 
now  hauling  1,800  tons  per  day  with  fifty-two  ponies,  so  that  the  electric 
plant  was  at  least  equivalent  to  the  work  of  fifty-two  ponies,  and  the 
whole  plant  was  erected  for  £2,000.  The  shaft  was  very  deep,  and  he 
was  certain  if  he  had  put  compressed-air  pipes  down  the  shaft  and  into 
the  workings,  where  they  were  now  hauling  by  electricity,  the  cost  would 
have  exceeded  £3,000,  and  it  would  have  been  more  expensive  to  maintain. 

Mr.  T.  E.  Forster  (Newcastle-upon-Tyne)  said  he  had  always  under- 
stood that  when  they  put  electricity  down  they  got  power  with  a  smaller 
capital  expenditure  than  was  the  case  with  compressed  air,  and  that  it 
was  the  air-mains  which  were  chiefly  responsible  for  the  heavy  first  cost. 
Nowadays  they  could  get  pipes  so  much  better  adapted  for  carrying  air, 
with  much  better  and  stronger  joints,  that  the  first  cost  of  a  compressed 
air-plant  and  the  distribution  of  it  had  been  materially  reduced.  Prof. 
Goodman's  comparisons  would  be  made  in  the  case  of  a  very  large  pipe  ; 
had  he  done  anything  with  the  sort  of  pipes  which  they  used  underground  ? 

Prof.  Goodman  said  that,  as  to  the  relative  cost  of  electrical  and  air- 
mains  referred  to  in  his  paper,  the  figures  applied  to  the  distribution  of 
70,000  horse-power  in  the  streets  of  a  city.  All  the  wires  had  to  be  laid  in 
drains  in  the  streets,  which  added  to  the  cost  of  the  mains,  and  must  be 
taken  into  account  in  the  estimate.  When  Prof.  Kennedy  tested  the  Paris 
plant  the  old  compressors  were  working,  and  they  had  a  working  efficiency 
of  from  24  to  26  per  cent.  The  results  were  very  different  with  the  new 
compressors.  As  to  the  question  of  expanding  the  air  and  the  prevention 
of  freezing  of  the  exhaust  ports,  either  the  air  was  at  low  pressure  or 
they  had  very  short  ports,  otherwise  there  would  have  been  trouble.  With 
reasonably  good  joints,  and  plenty  of  bends,  there  should  not  be  much 
leakage  ;  with  plenty  of  bends  expansion  was  allowed  for  far  better  than 
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by  any  fancy  expansion-joints.  Ee  thanked  the  members  very  much  for 
their  kin  1  attention,  and  hoped  the  figures  recorded  in  the  Appendix 
bo  liis  papsr  won  hi  be  of  pracl  Leal  use  to  them  as  mining  engineers. 

The  President  said  thai  the  members  bad  to  thank  Prof.  Goodman 
for  his  paper,  and  he  was  sure  they  would  accord  him  a  cordial  vote  of 
thanks. 

This  was  agreed  to,  and  Prof.  Goodman  briefly  acknowledged  it. 


Mr.  J.  A.  Loxgden  (Nottingham)  proposed  that  a  cordial  vote  of 
thanks  be  given  to  the  owners  of  works  to  be  visited  on  the  following  day, 

to  the  Philosophical  and  Literary  Society  for  the  use  of  their  rooms,  and 
to  the  local  committee  for  the  excellent  arrangements  made  for  the  recep- 
tion of  the  members. 

Mr.  W.  F.  Howard  (Chesterfield)  seconded  the  resolution,  which  was 
carried  unanimously. 


Mr.  T.  E.  Forstkr  (Newcastle-up Dn-Tyne)  proposed  that  a  vote  of 
thanks  be  accorded  to  the  President  for  his  services  in  the  chair. 

Mr.  Parrington  seconded  the  motion,  which,  being  carried,  was 
briefly  replied  to  by  the  President. 


The  meeting  then  terminated. 
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The  following  notes  record  some  of  the  features  of  interest  seen  by 
visitors  to  works,  etc.,  which  were,  by  kind  permission  of  the  owners, 
open  for  inspection  during  the  course  of  the  Leeds  meeting,  on  February 
14th,  15th,  and  16th,  1894  :— 


MESSRS.  POPE  &  PEARSON'S  COLLIERIES. 

There  are  two  winding  shafts  working  the  Stanley  main  seam,  6  feet 
in  thickness,  at  a  depth  of  240  feet ;  the  Haigh  Moor  seam,  4^  feet  in 
thickness,  at  a  depth  of  405  feet ;  and  the  silkstone  seam,  3|  feet  thick,  at 
a  depth  of  1,260  feet.     The  output  of  coal  is  about  2,000  tons  per  day. 

There  are  two  vertical  winding  engines,  with  cylinders  40  inches  in 
diameter  and  72  inches  stroke,  fitted  with  drums  18  feet  in  diameter, 
drawing  coal  from  a  depth  of  1,260  feet.  The  steam-brake  is  supple- 
mented by  a  compressed  air-brake,  which  can  be  used  should  the  steam- 
pipes  be  broken.  The  cages,  19|  feet  high,  have  4  decks  and  carry  8 
corves.  There  is  a  lowering  apparatus  (placed  underground)  to  enable  the 
winding  cage  to  be  loaded  independently  of  the  winding  cage  at  the  surface. 

The  wrought-iron  head-gear  is  about  70  feet  high,  and  the  pulleys  are 
18  feet  in  diameter. 

The  pit-bank  and  screen-room  is  built  of  rolled  steel  columns  and 
girders.  The  mechanical  screening  arrangements  comprise  4  jigging 
screens,  and  6  belts,  presenting  a  picking-surface  of  1,350  square  feet 
per  minute. 

The  coal-bashing  plant  contained  in  a  building  71  feet  long,  47 
feet  wide  and  51  feet  high  is  capable  of  washing  750  tons  of  coal  per 
day  of  10  hours.  This  plant  has  been  described  in  Mr.  Baum's  paper  on 
"  The  Baum  Coal-washing  Machinery."  * 

The  chain-haulage,  which  has  been  in  operation  for  many  years,  and 
has  been  supplemented  by  a  modified  system  of  rope-haulage,  is  used  for 
conveying  coal  a  distance  of  2|  to  3  miles  from  the  face  to  the  shaft. 
The  system  is  described  in  the  Transactions .f 

The  Schiele  fan,  15  feet  in  diameter,  is  driven  by  a  belt  from  an 
horizontal  engine,  with  a  cylinder  33  inches  in  diameter  and  33  inches 
stroke,  with  a  duplicate  cylinder,  the  driving  pulley  being  20  feet  in 
diameter  and  44  inches  wide,  and  the  pulley  on  fan-shaft  being  5  feet  in 
diameter.  At  a  speed  of  45  revolutions  per  minute  147,000  cubic  feet  of 
air  is  produced  under  a  water-gauge  of  44;  inches. 

*  Trims.  Fed.  Inst.,  vol.  vii.,  page  150.  f  Ibid.,  vol.  Hi.,  page  9G0. 
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The  electric-lighting  plant  consists  of  three  dynamos,  each  equal  to 
100  sixteen  candle-power  lamps. 

The  air-compressing  engines  have  steam  cylinders,  each  2  l  inches  in 
diameter;  with  air  cylinders,  each  25^  inches  in  diameter,  and  66  inches 
stroke. 

The  coal-cntting  machines  hole  to  a  depth  of  il  feet,  with  a  cut  4| 
inches  high,  and  are  worked  by  compressed  air.* 

Steam  is  produced  for  the  Stanley  main  and  llaigh  Moor  pits  by 
8  double-flued  Lancashire  boilers,  each  7  feel  in  diameter  and  :;<>  feet 
long,  fitted  with  Proctor  stokers  and  endless  screw  for  conveying  small 
coals  to  the  furnaces,  and  at  the  Silkstone  pit  by  5  boilers  each  7  feel  in 
diameter,  and  4  boilers  of  8  feet  in  diameter. 


MIDDLETON  COLLIERY. 
New  Pit. 

There  is  one  drawing  shaft  sunk  to  the  Beeston  Park  scam  at  a  depth 
of  330  feet ;  and  advantage  is  taken  of  a  fault  of  270  feet  which  crosses 
the  shaft,  to  put  the  coals  in  at  the  same  level  from  the  Middleton  little 
and  Middleton  main  coal-seams.     The  output  is  about  500  tons  per  day. 

Pumping  arrangements  from  the  surface  and  two  special  pumps,  16 
inches  diameter  and  24  inches  stroke  underground,  are  capable  of  forcing 
350  gallons  of  water  per  minute,  to  a  height  of  300  feet. 

The  ventilation  is  produced  by  means  of  a  Leeds  fan  of  a  diameter  of 
40  feet. 

The  haulage  is  on  the  endless-rope  system,  4,000  yards  long,  the 
greatest  gradient  being  1  in  9,  with  several  curves. 

Broom  Pit. 

There  is  one  drawing  shaft  sunk  to  the  Beeston  Park  scam  at  a  depth 
of  490  feet.  The  horizontal  winding  engine  with  two  cylinders,  each  20 
inches  diameter  and  4  feet  0  inches  stroke,  fitted  with  a  drum  12  feet  in 
diameter,  is  supplied  with  steam  at  a  working  pressure  of  no  lbs.  from  5 
steel  boilers.     The  iron  headgear  is  70  feet  high. 

The  screens  are  of  the  vibrating  riddle  type,  with  two  picking  tables, 
26  feel  and  II'  feet  Ion-  respectively,  and  I  feel  9  inches  wide.  The 
Nicholson  loading  apparatus  is  used  to  prevent  breakage  of  the  coal.  The 
Baum  coal-washing  plant  is  capable  of  washing  75  tons  of  coal  per  hour.t 

The  coke-ovens  are  all  of  the  beehive  type. 

*  Trans.  Fed.  Inst.,  vol.  vii.,  page  149.  \  Ibid.,  vol.  vii.,  page  156. 
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At  the  brickworks  there  are  two  Tukes  machines  making  20,000 
bricks  per  day  with  steam  -presses,  and  a  continuous  burning  kiln, 
capable  of  burning  80,000  to  100,000  bricks  per  week. 

Portions  of  the  Middleton  colliery  railway  have  been  used  since  the 
eighteenth  century.  In  1819,  Mr.  Blenkinsop  built  a  locomotive-engine 
(with  rack-rail  and  pinion)  which  worked  for  many  years  on  this  railway. 
A  model  of  this  engine  was  exhibited  to  the  members. 


MESSRS.  JOHN  FOWLER  &  CO.,  LIMITED,  LEEDS. 

The  specialities  seen  at  the  works  of  this  firm  comprised  steam- 
ploughing  machinery,  traction-engines,  road-rollers,  boilers,  electric  light 
engines,  dynamos,  portable  railways,  locomotive  engines  of  various 
gauges,  winding-engines,  etc. 


MESSRS.  HATHORN,  DAVEY,  &  CO.,  SUN  FOUNDRY,  LEEDS. 
Visitors  were  shown  pumping  engines,  hydraulic  pumps,  etc. 


MESSRS.  KITSON  &  CO.,  AIREDALE  FOUNDRY,  LEEDS. 

Locomotive  buildinc;  in  all  its  branches  was  shown  to  the  visitors. 


LEEDS  FORGE  COMPANY,  LIMITED,  LEEDS. 

The  visitors  were  shown  the  process  of  manufacture  of  the  Fox 
corrugated  and  Morison  suspension  furnaces  for  land  and  marine  boilers, 
pressed  steel  underframes  and  bogies  for  railway  rolling  stock,  and 
pressed  steel  axletrees.  All  the  various  departments  of  the  works  were 
open  for  inspection,  from  the  Siemens  steel  furnaces  to  the  final  operations 
of  manufacture,  including  analysis  and  mechanical  testing  of  material. 

Parties  of  visitors  also  inspected  the  following  works,  etc.: — Mr. 
Alfred  Cook's  Crown  Point  Printing  Works ;  Messrs.  Greenwood  & 
Batley's  Albion  Works ;  Messrs.  Hudsweh,  Clarke,  &  Co.'s  Railway 
Foundry  ;  and  the  Central  Electric  Lighting  Station  of  the  Yorkshire 
House-to-house  Electricity  Company,  Limited.  The  Yorkshire  College 
was  also  visited,  and  Prof.  Goodman  demonstrated  the  method  of  break- 
ing wood  and  iron  pit-props  by  compression,  the  testing  of  chains  and 
bolts,  and  the  force  of  mixtures  of  air  and  gas  when  exploded  in  gas- 
engines. 


;',;;!  TRANSACTIONS. 


MIDLAND    INSTITUTE    OF    MINING,    CIVIL,    AND 
MECHANICAL    ENGIN  EERS. 


GENERAL    MEETING, 
1  i i : i . i •  at  the  Institute  Booms,  Babnbley,  Apbil  7th,  L89£. 


Me.  W.  E.  GARFORTH.  Pbesident,  in  the  Chaie. 


THE  LATE  MR.  T.  W.  EMBLETON. 
The  President  moved  that  a  letter  of  condolence  be  Bent  to  the 
family  of  the  late  Mr.  T.  W.  Embleton  in  accordance  with  the  following 
resolution:— "The  council  and  members  of  the  Midland  Institute  of 
Mining,  Civil,  and  Mechanical  Engineers  take  this,  the  first  opportunity 
of  conveying  to  the  relatives  of  the  late  Mr.  T.  W.  Embleton,  who  was 
three  times  President  of  this  Institute,  their  sincere  sympathy  in  the  loss 

which  they  have  sustained  :   and  desire  to  place  on  record  the  high  I  - 
in  which  Mr.  Embleton  was  held  by  the  whole  <>f  the  mining  district 
which  this   Institute  embraces,  through  his  universal  kindness  and  desire 
to  further  the  interest  of  this  Institute  and  the  members  thereof." 

Mr.  Joseph  Mitchell  seconded  the  resolution,  which  was  agreed  to. 


The  minutes  of  the  last  General  Meeting  were  read  and  signed. 


The  following  gentlemen  were  elected  Members,  having  been  pre- 
viously nominated  : — 

Mr.  II y.  Appletabd,  Iron  Merchant,  Water  Lane,  Leeds. 

Mr.  E.  (i.  Banham,  Assistant  Colliery  Manager,  Barrow  Collieries,  Barnslcy. 

Mr.ANDBEW  Caseley,  I  Jolliery  Deputy,  North  Gate  Villa,  Walb-upon-Dearne. 

Mr.  .1.  i '.  Bowell,  Electrical  Engineer,  24,  Queen  Victoria  Street,  London,  B.C. 

Mr.  <;.  Norman  a.  Pitt,  Mining  Student,  Follingworth.Gomereal,  near  Leeds. 

Mr.  GuiLlERMO  E.  Raby,  Mining  Engineer,  Lota,  chili. 

Mr.  .Ins.  Ritson,  Jan.,  Colliery  Manager,  Dodworth,  Ban  - 

Mr  W'm.  Waplikgton',  Colliery  Manager,  Silkstone  Fall  Colliery, Barnsley. 

Mr.  .1.  W.  Robinson  Wilson,  II. M.  Inspector  of  Mines,  Leeds. 


The  Secretary  (Mr.  T.  W.  B.  Mitchell)  read  the  following  paper 
on  "Safety-catches  in  connexion  with  Mining  Cages  and  lloist>."  by 
Mi'.  Andrew  Caseley  : — 
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SAFETY-CATCHES  IN  CONNEXION  WITH  MINING  CAGES 

AND  HOISTS. 

By  ANDREW  CASELEY. 

This  paper  is  simply  an  explanation  of  the  construction  of  the  safety- 
catch  which  the  writer  has  now  the  honour  to  bring  before  the  notice  of 
the  members. 

The  apparatus  (Figs.  1,  2,  and  3,  Plate  XIII.)  can  either  be  an 
independent  or  super-framework,  or  can  form  part  of  the  cage.  To  the 
independent  or  super-framework  b,  or  to  the  framework  of  the  cage  a,  is 
placed  and  secured  transversely,  in  a  central  position,  a  shaft  /,  carrying 
a  drum  g  containing  a  powerful  helical  spring  c,  which  is  secured  to  the 
shaft. 

The  end  of  the  winding-rope,  which  has,  at  some  distance  from  the 
end,  been  previously  secured  by  slings  i  to  the  cage  (or  super-framing)  in 
the  ordinary  way,  is  passed  round  the  drum  two  or  three  times.  In  most 
cases  a  separate  rope  or  attachment  will  be  employed  for  connecting  the 
end  of  the  winding-rope  with  the  spring-drum.  But  in  either  case  the 
rope  or  ropes  are  so  arranged  that  when  the  cage  is  at  the  bottom  of  the 
shaft,  and  the  ropes  and  slings  relieved  from  its  weight  become  slack,  the 
spring  would  by  uncoiling  wind  the  connecting-rope  round  the  drum. 
When  the  signal  is  given  to  wind,  and  before  the  slack  of  the  rope  is 
taken  up  sufficiently  to  bring  the  slings  into  tension  to  bear  the  weight  of 
the  cage,  the  winding  or  connecting-rope  will  be  unwound  off  the  dram, 
causing  the  spring  to  be  wound  up,  as  far  as  the  slack  of  the  slings  will 
allow,  so  that  the  only  strain  put  on  the  rope  connected  to  the  drum 
would  be  that  due  to  the  resistance  of  the  spring  and  friction  of  the 
apparatus. 

Two  cranks/' are  attached  to  the  drum-shaft,  and  these  move  the  four 
cranks  I  by  means  of  connecting-rods  m,  and  actuate  four  screws,  two  of 
which  are  left-handed  o,  and  two  right-handed  n,  passing  through  a  suitably 
formed  nut  j),  fixed  in  the  frame  of  the  cage  (or  super-frame)  opposite,  or 
nearly  opposite,  to  the  conductors.  The  outer  ends  of  these  screws  are 
placed  so,  that  when  turned  by  the  gearing  they  come  into  contact  with 
the  conductors. 

When  the  winding-rope  and  slings  are  taut,  the  spring  on  the  drum- 
shaft  is  wound  so  as  to  have  a  reaction,  or  recoil,  sufficient  to  drive  the 
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apparatus;  and,  at  the  same  time,  motion  is  communicated  by  means  of 
the  cranks  and  connecting-rods  to  the  four  screws  (which  are  turned 
inwards  to  prevent  them  touching  the  conductors).  In  the  event  of  the 
breakage  of  the  ropes,  chains,  or  other  parts  of  the  winding-gear,  the 
spring  would  be  immediately  released  and  the  apparatus  would  turn  in 
the  opposite  direction  to  that  of  winding.  The  tour  screws  would  be 
simultaneously  turned  and  brought  into  contact  with  the  conductors,  and 
the  side  of  each  screw  would  bear  against  the  side  of  the  conductor  ;  the 
friction  caused  by  the  descent  of  the  cage  would  cause  the  screws  to  be 
tinned  farther  outwards,  thereby  gradually  and  rapidly  increasing  the 
grip  on  the  conductors,  until  the  fall  of  the  cage  was  stopped. 

The  inventor  considers  that  the  great   simplicity  of  its  construction 
and  the  easy  working  of  this  apparatus  will  be  its  chief  recommendations. 


Reference  to  Plate  XIII. 

Fig.  1. — Side  elevation  of  cage  ami  safety-catch. 
Fig.  2. —  End  view. 


Fig.  3.— Plan. 
a.  The  cage. 

h.  The  super-framework, 
c.  Helical  spring. 
e.  Conductors. 
/.  Drum-shaft. 
g.  Rope  drum. 
h.  Winding  or  connecting-rope. 


j.  Cranks. 

k.  Crank-shaft>  driving  the  four  Bcrews. 
/.   Cranks   which  are  actuated    by   the 
cranks j. 
in.  Connecting-rods. 
n.  Right-handed  screws. 
<>.  Left-handed  screws. 


The  slings  by  which  the  cage  is  j>.  Nuts. 

suspended.  j.  Guides  for  the  conductors. 


The  President  asked  whether  the  catch  could  be  applied  to  existing 
cages  without  much  alteration  ? 

Mr.  Caseley  said  that  was  so. 

Mr.  A.  A.  Atkinson  asked  whether  the  catch  could  be  applied 
equally  well  to  wire  ropes,  to  wooden  guides,  or  to  rail  conductors? 

Mr.  Caseley  said  it  could.  In  the  model  the  cage  did  not  move  more 
than  I  inch  after  the  rope  was  cut. 

.Mr.  Jos.  Mitchell  asked,  when  putting  the  weight  of  the  cage  so 

suddenly  upon  the  conductors,  what  was  the  risk  of  breaking  them  ? 

Mr.  Caseley  said  that  he  had  not  made  that  experiment. 

Mr.  -bis.  Mitchell  said  that  it  was  a  most  important  test  and  should 

be  made. 

Mr.  W.  FOULBTONE  said  that  as  the  catch  came  so  quickly  into  effect, 
it  would  not  acquire  much  force  after  it  was  cut. 
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Mr.  Jos.  Mitchell  said  if  the  cage  dropped  £  inch  in  the  model,  and, 
say,  8  inches  in  actual  practice,  the  tendency  would  be  to  break  the 
conductors. 

Mr.  Nash  said  that  effect  occurred  in  the  case  of  all  catches,  and  the 
more  quickly  it  came  into  action  the  less  would  be  the  risk  of  damage  to 
the  conductors. 

Mr.  TV.  Hoole  Chambers  asked  whether  the  apparatus  would  operate 
when  the  cages  were  at  the  top  and  the  bottom  of  the  shaft,  and  what 
effect  it  would  have  on  the  conductors  at  those  points  ?  He  thought  that 
the  apparatus  would  come  into  play  whenever  the  chains  were  slack. 
Where  cages  were  used  with  three  decks,  and  the  tubs  were  changed  at  one 
landing,  there  would  be  three  operations  of  the  apparatus  on  the  con- 
ductors at  each  winding.  The  same  remarks  would  apply  at  the  bottom 
of  the  pit,  and  being  repeated  so  often,  he  was  afraid  that  the  tendency 
would  be  to  damage  the  conductors  at  that  point. 

Mr.  Caseley  said  that  the  blocks  wTould  be  set  so  far  apart  that  they 
would  not  come  into  contact  with  the  conductors  at  all  in  actual  working. 

Mr.  TV.  Hoole  Chambers  said  that  in  that  case  the  cage  would  have 
to  drop  a  considerable  distance  when  the  rope  was  broken,  if  the  screws 
had  to  travel  so  far. 

The  President  remarked  that  it  was  a  matter]  that  would  have  to  be 
proved  in  actual  working. 

Mr.  Nevin  said  that  where  a  lowering-scaffold  was  used  there  would  be 
many  feet  of  slack  rope,  but  this  apparatus  would  be  in  action,  and  would 
prevent  the  lowering  of  the  scaffold  and  cage.  This  apparatus  could  not, 
therefore,  be  used  in  connexion  with  a  lowering-scaffold. 

The  President  agreed  that  the  bottom  cage  would  stick  where  a 
lowering-scaffold  was  used  at  the  pit- bottom. 

Mr.  Jos.  Mitchell  said  that  the  cage  would  stick  until  the  winding- 
rope  was  tightened. 

The  President  said  that  he  considered  the  scaffold-lowering  apparatus 
in  use  at  Messrs.  Pope  &  Pearson's  colliery  enabled  them  to  draw  an 
additional  250  tons  at  least  per  day.  The  cage  had  four  decks,  two 
tubs  were  placed  on  each  deck,  and  the  cage  at  the  pit-bottom  could  be 
changed  and  ready  for  winding  before  the  cage  at  the  surface  was  ready. 
He  said  that  the  members  were  much  obliged  to  Mr.  Caseley  for  bringing 
the  model  of  his  safety-catch  before  the  Institute  ;  and  proposed  that 
their  best  thanks  be  given  to  Mr.  Caseley. 

Mr.  Nash  seconded  the  resolution,  which  was  carried  unanimously. 
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DISCUSSION  UPON  MR.  T.  II.  WORDSWORTH'S   -NOTES 
ON  COAL-GETTING   BY  MACHINERY."* 

The  President  said  that  he  could  confirm  the  statement  that  120 
men  could  do,  by  machine,  as  much  in  the  way  of  tonnage  of  coal  wrought 
ae  I7(i  bad  done  by  hand.  A  Larger  machine  was  now  in  contemplation 
to  undercut  to  a  depth  of  '>k  feet,  with  the  view  of  reducing  the  Dumber 
of  shots  required,  and  of  increasing  the  leverage  of  the  coal, 

Mr.  Gr.  Blake  Waijeer  said  the  oovel  point  was  thai  Messrs.  Pope 
&  Pearson  found  that  it  suited  their  coal-seam  to  have  it  undercut  to  a 
greater  depth  than  had  ever  been  done  before  by  rotary  machines.  If 
they  succeeded  in  undercutting  to  a  depth  of  ;..\  feet,  the  cost  of  coal- 
cutting  would  lie  decreased,  because  the  same  expenditure  of  power  would 
loosen  nearly  twice  as  much  coal  as  was  done  when  cutting  to  a  depth  of 
;;J  feet.  He  thought,  however,  that  an  extension  of  the  depth  of  the  cut 
to  the  extent  spoken  of  by  Mr.Garforth  mighl  be  attended  with  consider- 
able difficulties  from  the  roof.  In  one  of  the  thinner  seams  at  Wharncliffe 
Silksione  colliery  he  had  made  arrangements  to  try  a  coal-cutter  with  a 
4.1,  feet  wheel,  and  hoped  that  it  would  he  successful.  He  thought  that 
the  time  was  approaching  when  coal-cutting  by  machinery  would  not  be 
looked  upon  as  a  hobby,  and  that  they  would  he  used  much  more  generally 
than  had  hitherto  been  the  ease.  The  proportion  of  small  coal  was 
larger  than  in  former  times,  owing  to  seams  being  wrought  at  greater 
depths  and  the  available  coal  being  more  tender,  and  possihly  because 
less  care  was  taken  by  the  average  miner  to  produce  as  good  a  quality  of 
coal;  and,  as  these  conditions  prevailed  more  generally,  the  use  of  coal- 
cutting  machines  must  he  largely  increased  The  great  point  requiring 
constant  attention  was  to  see,  alter  the  coal  had  been  cut  by  the  machine, 
that  it  was  not  greatly  reduced  in  size  by  carelessness  in  breaking  the  coal 
when  it  was  on  the  ground.  He  considered  that  the  use  of  coal-cutting 
machinery  had  passed  beyond  the  experimental  stage,  they  were  now 
working  satisfactorily  and  regularly,  and  he  thought  it  was  quite  as 
desirable  to  lay  out  a  pit  for  the  use  of  such  machines  as  it   was  to  secure 

the  most  efficient  mechanical  hauling  arrangements. 

The  President  said  that  the  "whetstone"  referred  to  in  the  paper 

was  an  inferior  coal,  which  was  not   merchantable,  and  the  machine  had 
the  practical  advantage  of  working  in  an  inferior  coal. 

Mr.  JNO.  LONGBOTHAM  asked  whether  L35  feet  was  not  an  excessive 
distance  to  undercut  in  one  length  ? 

*   Trans.  Fed.  IiUt.,  Vel.  vii..  page  1  l!>. 
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Mr.  G.  B.  Walker  said  that  he  thought  not;  it  depended  on  the 
nature  of  the  stuff  they  were  cutting. 

Mr.  Lojgrotham  asked  whether  Mr.  Walker  found  the  same  advantage 
from  the  use  of  the  machine  in  relation  to  the  number  of  men  employed 
as  that  stated  by  Mr.  Wordsworth  ? 

Mr.  Walker  said  that  be  had  not  worked  it  out  in  that  proportion, 
but  it  appeared  to  be  a  reasonable  statement. 

Mr.  Nevin  asked  whether  the  cutters  would  last  a  whole  shift  or  not  ? 

Mr.  Wordsworth  replied  that  sometimes  the  cutters  would  last  a 
shift,  and  sometimes  three  sets  were  used  in  a  shift.  It  depended  on  the 
dross  in  the  undercutting. 

Mr.  Walker  said  he  should  like  to  mention  what  had  been  done  at  the 
Gartness  colliery,  near  Airdrie.  At  that  colliery  there  were  two  faces,  each 
360  feet  long,  whose  entire  length  was  undercut  every  night,  producing 
in  all  250  tons  of  coal  per  day.  The  great  point  being  that  from  a  very 
small  length  of  working-face,  there  was  a  relatively  large  output  of  coal. 

Mr.  Longbotham  remarked  that  before  any  engineer  would  adopt  the 
use  of  coal-cutting  machines  and  change  the  system  of  working,  he  must 
have  statistics  of  the  comparative  costs  of  coal-getting  by  hand  and  by 
machinery. 

Mr.  G-.  B.  Walker  said  there  was  a  table  of  costs  attached  to  his  paper.* 

Mr.  W.  Hoole  Chambers  said  that  the  Jeffrey  mining  machine  was 
in  use  at  the  Cannock  and  Rugeley  collieries,  and  the  results  were  eminently 
satisfactory.  He  believed  that  at  Cannock  Chase  the  coal  was  being 
worked  at  a  lessened  cost  of  about  5|d.  per  ton,  with  the  additional  advan- 
tage, which  all  machines  gave,  of  an  increased  proportion  of  large  coal 
and  an  increased  output  at  that  colliery.  The  Jeffrey  machine  was 
undercutting  about  135  feet  per  shift,  which  included  the  time  occupied 
in  moving  the  machine,  etc.  There  was  one  objection  to  the  Jeffrey 
machine  :  the  great  length  required  from  the  face  to  the  back  of  the 
machine,  which  itself  was  6  to  8  feet  long.  At  the  Cannock  and  Paigeley 
collieries  the  roof  of  one  seam  was  very  tender,  necessitating  increased 
cost  in  timbering  in  front  of  the  machine,  and  in  wages  for  a  man  engaged 
in  front  of  the  machine  to  move  the  props  and  replace  them  behind. | 

Mr.  Nash  then  took  the  chair,  as  the  President  was  compelled  to  leave. 

Mr.  Gtllott  said  that  he  had  seen  the  Jeffrey  machine  at  work  in  1885 
in  Lancashire,  when  it  was  known  as  the  Lechner  machine.  The  chief 
objection  was  the  great  length  required  ;  it  was  impossible  to  work  it  in 
an  ordinary  longwall  because  it  required  a  width  of  1\  feet  to  9  feet 

*  Tram.  Fed.  Inst.,  vol.  i.,  page  132.  f  Ibid.,  vol.  vii.,  page  305. 
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from  the  face  to  the  goaf.  The  G-illott  and  Copley  machine  was  self- 
acting,  and  did  not  reqnire  to  be  moved  from  one  end  of  the  face  to  the 
other,  as  it  was  reversible,  and  cut  from  either  end  of  the  face  to  the 
other,  ><i  that  there  was  no  labour  entailed  in  putting  the  machine  od 
the  trolley  or  roller.  The  Oillott  and  Copley  machine,  cutting  in  only 
one  direction,  was  in  successful  use  at  the  Wharncliffe  Silkstone  colliery. 
At  the  LesmahagOW  collieries  in  Lanarkshire,  each  machine  had  its  own 
face  which  varied  in  length  from  180  to  5-40  feet.  Each  face  was  cut 
.across  every  night  and  cleared  in  the  daytime. 

Mr.  Gt.  B.  Walker  asked  whether  the  540  feet  was  cut  in  coal  or 
shale  ? 

Mr.  GlLLOTT  said  it  was  cut  in  a  strong  hind  underneath  the  coal. 

Mr.  Thirkell  asked  how  long  it  took  to  change  the  chisels,  if  they 
had  to  be  changed  three  times  in  the  night? 

Mr.  Wordsworth  said  that  it  did  not  require  more  than  ten  minutes 
to  change  the  twenty-four  cutters  on  a  (is  inches  wheel. 

Mr.  Jos.  Mitchell  said  that  in  his  opinion  the  motive  power  applie  I  to 
coal-cutting  machines  was  more  important  than  the  machine  itself.  They 
had  machines  to  do  certain  work,  and  the  question  for  mining  engineers, 
who  had  to  deal  with  fiery  mines,  was — how  were  they  going  to  apply  the 
motive  power  bo  the  machine?  if  they  could  use  electricity  the  results 
might  be  economical,  but  if  they  had  to  depend  upon  compressed  air  they 
could  not  utilize  more  than  25  per  cent,  of  the  power  exerted,  [f  Mr. 
Wordsworth  could  give  them  the  horse-power  exerted  and  the  results 
obtained,  he  thought  it  would  be  a  valuable  addition  to  his  paper. 

Mr.  LONGBOTHAM  moved  the  adjournment  of  the  discussion. 

The  motion  was  seconded  and  agreed  bo  unanimously. 


Mr.  Jos.  Mitchell  moved  a  vote  of  thanks  to  Mr.  Nash  for  acting 
as  chairman  after  the  President  had  left  the  meeting. 

Mr.  JOHN  NEVIN  seconded  the  mot  ion,  which  was  carried  unanimously. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL,  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield,  May  26th,  1894. 


Mr.  JOSEPH  MITCHELL,  Past-President,  in  the  Chair. 


The  minutes  of  the  last  General  Meeting  were  read  and  signed. 


THE  LATE  MR.  T.  W.  EMBLETON. 

The  Secretary  read  the  following  letter  : — 

Burlington  Hotel,  London, 

April  Uth,  1894. 

My  Dear  Sir, — Your  letter,  together  with  the  resolution  passed  by  the  Midland 
Institute  of  Mining  and  Mechanical  Engineers  has  been  forwarded  to  me  here,  and 
I  beg  to  express,  on  behalf  of  my  sisters,  brothers,  and  myself,  to  the  Council  and 
members  of  the  Midland  Institute  our  great  appreciation  of  the  very  kind  senti- 
ments which  they  have  expressed,  and  the  sympathy  they  have  shown  in  relation  to 
the  death  of  our  late  father. 

I  am,  yours  faithfully, 

T.  W.  H.  Mitchell,  Esq.  Thos.  W.  Embleton. 


The  following  gentlemen  were  elected  Members,  having  been  pre- 
viously nominated  : — 

Mr.    Arthur    Lister    Beacher,    Colliery    Manager,    Lundhill    Colliery, 

Barnsley. 
Mr.  George  M.  Sankey,  Colliery  Manager,  Woolley  Colliery,  Barnsley. 
Mr.  John  Wood,  Mechanical  Engineer,  Barley  Brook  Foundry,  Wigan. 
Mr.  Ben.  Albert  Rhodes,  Mining  Student,  Highfield,  Kirkburton. 


Mr.   G.   B.  Walker  read  the  following  paper  on  "  The   Liihrig 
System  of  Coal-washing  "  : — 
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THE  LtHRIG  SYSTEM  OF  GOAL-WASHING. 


By  GEOKGE  BLAKE  WALKER. 

The  manipulation  of  coal  at  the  pit's  mouth  has  been  gradually 
assuming  more  and  more  importance  of  late  years,  partly  on  account  of 
the  increasing  severity  in  competition,  partly  on  account  of  the  working 

of  seams  of  inferior  i |U;ility  and  thickness,  and  also  to  some  extent  because 
of  the  greater  difficulty  frequently  experienced  in  getting  the  coal  as  well 
cleaned  underground  as  formerly.  Very  marked  improvements  have 
been  made  in  the  design  of  screens,  picking-bands,  creepers,  etc.,  having 
for  their  object  the  reduction  of  the  labour  cost,  and  the  better  cleaning 
of  the  large  coal.  This  part  of  the  treatment  is  often  spoken  of  as  dry 
separation,  but  the  cleaning-  of  the  small  coal  has  hitherto  been  most 
successfully  accomplished  by  means  of  water  ( wet  separation),  and  it  is 
this  part  of  the  treatment  only  with  which  the  presenl  paper  proposes 
to  deal. 

Had  it  not  been  for  the  urgent  request  of  the  President,  the  writer 
would  scarcely  have  ventured  to  submit  another  paper  on  this  suhject  to 
the  Midland  Institute,  as  it  lias  already  formed  the  subject  of  a  paper 
read  before  the  Mining  Institute  of  Scotland,  by  Mr.  John  Hogg.*  A 
paper  on  "The  Baum  Coal-washing  Machinery "t  was  read  by  the 
inventor  at  a  meeting  of  The  Federated  Institution  of  Mining  Engineers 
at  Leeds,  and  must  have  a  special  interest  from  the  fact  that  the  Baum 
svstem  was  selected  by  the  President  as  the  result  of  a  special  visit  to 
Germany,  where  he  had  had  the  opportunity  of  comparing  the  various 
svsteins  with  one  another;  and  he  has  erected  a  model  plant  at  the  West 
Riding  collieries.  At  the  same  time  the  relative  merits  of  the  various 
appliances  now  in  the  market  afford  scope  for  difference  of  opinion— each 
appeal's  to  do  its  work  well,  and  probablj  each  has  in  certain  points  the 
advantage  over  its  competitors.  Perhaps  the  time  has  come  when 
comparative  tests  might  be  usefully  applied  to  the  various  plants  now  in 
operation,  with  the  view  of  affording  a  more  trustworthy  hasis  for 
comparison  than  that  of  merely  individual  opinion. 

*  Trans.  Fed.  Tntt.,  vol.  vi.,  page  393. 

f  Ibid.,  vol.  vii.,  ]>:e_r''  L56. 
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It  does  not,  however,  come  within  the  scope  of  the  present  paper  to 
enter  into  any  such  comparison,  for  which  the  writer  is  without  the 
requisite  data  ;  and  this  communication  will  be  confined  to  the  description 
of  the  operation  of  a  Luhrig  coal-washing  plant,  and  some  conclusions  at 
which  the  writer  has  arrived  from  the  use  of  one  at  the  collieries  under 
his  management. 

The  washing  of  coal  has  for  its  object  either  the  improvement  of  the 
nut  coal  for  the  market,  or  the  purification  of  the  coal  which  is  to  be 
coked.  Every  year  the  demands  of  metallurgists  for  a  purer  coke 
become  more  exacting,  and  there  is  less  and  less  demand  for  the  inferior 
brands. 

The  impurities  intermixed  with  coal  may  be  divided  into  two  cate- 
gories :  loose  and  fixed.  The  former  are  mechanically,  and  the  latter 
chemically,  mixed  with  the  coal.  It  follows  that  while,  the  one  may  be 
eliminated  by  a  mechanical  process,  the  other  can  only  be  attempted  by  a 
chemical  one.  Thus,  in  the  case  of  pyrites  interstratified  with  the  coal  a 
large  proportion  may  be  separated  from  the  coal  in  a  washer,  but  sulphur 
entering  into  the  chemical  composition  of  the  coal  cannot  be  so  got  rid 
of,  and  (if  dealt  with  at  all)  must  be  eliminated  during  the  process  of 
burning  in  the  coke-oven.  These  conditions,  then,  limit  the  advantage 
to  be  derived  from  any  kind  of  washer  to  the  more  or  less  complete 
removal  of  the  loose  dirt,  the  particles  of  which  are  already  detached 
from  the  particles  of  coal,  or  can  be  detached  by  crushing  or  other 
means. 

It  will  no  doubt  be  generally  conceded  that  the  removal  of  the  non- 
carbonaceous  matter  in  a  sample  of  coal  will  usually  pay — that  is  to  say, 
the  enhanced  price  obtained  will  generally  be  greater  than  (a)  the  loss  in 
gross  weight  consequent  on  the  extraction  of  the  dirt,  and  (Z>)  the  cost  of 
washing. 

But  there  is  another  consideration  of  the  first  importance  which  must 
not  be  overlooked,  and  this  is  the  loss  in  carbonaceous  matter,  which 
leaves  the  washer  either  in  the  form  of  discoloured  water  or  of  silt.  The 
quantity  thus  lost  is  always  appreciable,  and  may  often  be  important 
from  an  economic  point  of  view.  Its  importance  is  due  more  to  the 
nature  of  the  particular  coal  to  be  treated  than  to  the  details  of  the 
washing-plants.  Coals  very  rich  in  hydrocarbons,  when  treated  with 
water,  part  with  a  portion  of  their  constituents,  and  the  water  issuing 
from  the  washer,  besides  being  of  an  inky  colour,  shows  iridescent 
colours  distinctly.  The  issuing  water  has  always  in  suspension  a  certain 
portion  of  the  finest  particles,  the  specific  gravity  of  which  is  even 
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less  than  its  own.  This  source  of  loss  is  not,  however,  so  important 
as  that  resulting  from  the  difficulty  of  satisfactorily  washing  the  fine 
dust.  The  product  obtained  by  all  system-  of  washing  from  the  finest 
precipitate  is  always  more  impure  than  that  from  the  washing  of  the 

mular  particles,  and  just  in  proportion  as  the  natural  constitution  of 
the  coal  causes  it  to  break  up  into  particles  of  a  greater  or  less  decree  of 
fineness  is  the  difficulty  arising  from  this  source.  Coking  coals  of  the 
best  class  usually  arc  very  fine  in  grain.  With  them,  therefore,  this 
difficulty  exists  in  a  marked  degree.  The  inventor  of  one  of  the  leading 
types  of  coal-washing  plant  remarked  recently  to  the  write]'  that  la-  was 
not  in  favour  of  passing  the  finest  dust  through  a  washer,  but  of 
parating  it  in  the  dry  state,  using  as  much  as  possible  among  the  boiler 
fire-coal,  and  adding  to  the  washed  product  of  the  washer,  say  5  per  cent., 
of  the  unwashed  dry  dust,  with  the  result  of  raising  the  proportion  of  ash 
in  the  whole,  say  |  per  cent. 

Before  the  erection  of  the  Liihrig  plant,  a  portion  of  the  coal  eoked 
at  the  Wharncliflfe  Silkstone  collieries  was  washed  by  means  of  spouts. 
At  a  still  earlier  time  these  spouts  took  the  place  of  jigs  on  a  somewhat 
similar  principle  to  those  employed  in  the  Liihrig  system,  hut  the  old  jigs 
were  probably  unsuccessful  because  the  coal  was  not  classified,  which  is  an 

ntial  feature  in  all  the  improved  systems.  The  work  done  by  the 
troughs  was  fairly  satisfactory  but  expensive,  and  the  quantity  of  water 
required  was  greater  than  was  available  during  the  summer  months  to 
wash  a  sufficient  quantity  of  coal. 

The  trough  system  is  undoubtedly  the  simplest  of  all  methods  of  coal- 
washing,  no  machinery  being  necessary  :  and  if  the  coal  were  classified, 
and  the  different  sizes  washed  in  spouts  having  a  different  degree  of 
inclination,  very  good  results  could,  with  care,  be  obtained.  But  for  many 
practical  reasons,  and  especially  on  account  of  the  amount  of  labour  neces- 

.  the  trough  system  is  being  discarded  in  favour  of  washing-plants  of 
various  kinds,  which,  although  costly  in  erection,  are  more  economical  in 
Labour. 

The  contra <i  between  the  simple  inexpensive  arrangement  of  wooden 
spout-  and  lie'  plants  erected  on  the  felspar  principle  is  very  marked; 
and  no  doubt  very  great  economy  must  be  shown  to  induce  a  mine-owner 
to  go  to  the  expense  of  erecting  the  substantial  buildings,  filled  with 
elaborate  machinery,  which  is  necessary  for  the  latter  processes. 

The  manner  in  which  these  plants  have  been  almost  universally 
adopted  on  the  Continent — where  these  matters  are  thoroughly  gone  into 
and  thrashed  out — may  Ibe   taken   as   fairly   conclusive  proof  that   the 
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expenditure  is  more  than  compensated  for  by  the  thoroughness  with 
which  the  work  is  done,  and  by  the  economy  in  labour  which  is  secured 
by  their  use. 

There  is  a  great  similarity  in  general  principle  between  many  of  the 
competing  systems,  although  no  doubt  Mr.  Liihrig  was  the  person  who 
first  worked  out  the  system  and  determined  its  general  features. 

The  following  is  a  brief  description  of  the  Liihrig  washer : — The 
small  coal,  with  which  the  washer  is  supplied,  is  delivered  to  a  hopper  either 
direct  by  a  conveying-band  from  the  screens  or  in  tubs.  It  is  important 
that  the  capacity  of  this  hopper  be  as  large  as  possible,  thus  ensuring  the 
more  regular  and  continuous  working  of  the  plant.  The  mixed  slack  is 
first  elevated  to  a  main  sizing-drum,  placed  on  the  top  floor  of  the 
washer-building,  and  at  a  sufficient  height,  so  that  the  products,  after 
classification,  may  gravitate  to  the  several  jigs  suitably  adjusted  for  their 
treatment. 

The  main  sizing-drum  is  formed  of  two,  three,  or  four  concentric 
mantles  of  conical  shape,  the  mantles  being  of  perforated  steel-plates  and 
the  perforations  of  convenient  relative  size,  say,  1^,  §,  f ,  and  §  inch. 

The  separation  into  classes  of  nuts  coal  is  regulated  to  suit  the 
particular  markets  for  the  washed  product,  and  the  sizes  mentioned  are 
generally  not  unsuitable  for  effecting  the  proper  elimination  of  the  refuse 
from  the  coal  in  washing.  Should,  however,  supplementary  classification 
be  required,  as  is  sometimes  necessary  in  treating  coking  coals,  mixing  of 
the  several  products,  if  desired,  can  be  arranged  to  take  place  after 
washing. 

The  nuts  coals  pass  to  their  respective  jigs,  placed  on  the  floor  of  the 
building  directly  underneath  the  sizing-drum,  while  the  fine  or  small  coal 
is  treated  in  felspar  jigs — usually  placed  at  a  lower  level. 

Both  classes  of  jigs  may  be  placed  on  the  first  floor,  but  a  higher 
elevation  of  the  nuts  jigs  gives  storage -capacity  over  the  waggon  roads 
and  allows  of  the  water  with  which  the  nuts  have  been  treated  passing 
directly  thereafter  for  use  in  the  washing  of  the  fine  coal,  and  so  econo- 
mizing the  pumping  of  water  from  the  tanks. 

The  washing-boxes  are  constructed  of  pitchpine  timber.  On  each 
set  are  fixed  standards  and  pedestals  supporting  lines  of  shafting,  to 
which  arc  fitted  the  eccentrics  and  plungers. 

The  shafting  and  pistons  of  the  nuts  jigs,  like  all  the  other  parts  of 
machinery,  are  actuated  by  belts  from  shafting,  and  have  usually  a  speed 
of  from  70  to  75  revolutions  per  minute,  with  a  stroke  of  about  3  inches, 
while  those  of  the  fine  coal  have  only  1|  to  2  inches  travel,  and  are  operated 
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at  from  120  to  185  revolutions  per  minute.  The  speeds,  however,  a  re 
Variable,  according  to  the  characters  of  the  coal  and  refuse. 

The  nuts  coal,  after  passing  from  the  jigs,  is  drained  on  cylindrical  or 
inclined  perforated  Bcreens,  ami  there  the  nuts  receive  a  spray  of  clean 
water,  so  as  to  give  them  a  bright  appearance  before  passim:  to  the 
storage-hoppers. 

The  system  of  draining  the  nuts  before  entering  hoppers  lias  hem 
found  to  suit  admirably  the  requirements  for  trade  purposes  in  this 
country,  the  nuts  being  delivered  into  waggons  free  from  small  and  of  a 
bright  appearance.  The  capacity  of  each  of  the  nuts  jigs  varies  from  6 
to  8  tons  per  hour.  The  interst  rati  tied  coal  and  stone  eliminated  from 
the  nuts  is  elevated,  crushed,  and  re-washed,  producing  a  product  suitable 
for  firing  boilers,  or  for  various  marketable  purposes,  while  in  many  plants 
this  is  disregarded  and  it  goes  to  the  refuse-heap. 

The  drained  water  from  the  nuts  screens  meeting  the  tine  coal  (coming 
direct  from  the  main  sizing-drum)  carries  it  through  a  grading-box 
for  further  classification  of  the  smaller  particles  of  coal,  before  treatment 
in  the  felspar  jigs.  The  grading-box  is  regulated  by  means  of  valves  to 
allow  of  the  proper  classes  passing  to  their  respective  jigs.  The  grading 
of  the  fine  coal  is  more  effectually  accomplished  by  water,  and  is  prefer- 
able to  having  an  extra  mantle  on  the  main  drum  with  small  perforations. 

The  capacity  of  the  several  felspar  jigs  is  from  '■'>  to  1  tons  per  hour, 
so  that  a  complete  plant,  capable  of  washing  (it.)  tons  per  hour,  with  the 
proportion  of  40  tons  of  nuts  and  20  tons  of  fine  coal,  should  not  have  less 
than  5  to  6  nuts  and  5  to  6  fine  coal  jigs,  the  latter  number  being  prefer- 
able for  tin'  propel  treatment  of  the  product. 

It  is  impossible  to  raise  the  slack  to  the  main  sizing-drum  in  equal 
proportional  classes  during  all  the  working  day,  hence  the  advisability  of 
having  ample  capacity  of  jigs  for  continuous  and  perfect  elimination  of 
the  refuse.  Should  the  capacity  of  any  of  the  jigs  he  too  small,  any 
variation  in  proportion  of  the  classes  interferes  with  the  regular  working, 
and  the  washing  is  thereby  done  at  the  sacrifice  of  the  treated  product. 

The  easy  eccentric  motion  given  to  the  piston  for  producing  the 
movement  of  the  water  through  the  bed  of  felspar  in  the  tine  coal  jig- 
boxes,  aided  by  the  continuous  How  of  the  refuse-water  from  the  jig.  may 
be  claimed  as  an  advantage  in  the  action  of  the  killing  machine,  though 
as  to  this  opinions  may  differ. 

The  treatment-  of  the  line  coal  is  widely  different  from  that  of  the 
coarser  ants,  especially  when  we  take  into  consideration  the  extra  amount 
of  tincr  particles  of  days  or  grit  intermixed  which  has  to  be  effectually 
separated  by  water  treatment. 


THE   LUHRIG   SYSTEM   OF   COAL-WASHING. 


347 


The  free  refuse  in  nuts  coal  is  generally  about  one-fourth  to  one-half 
of  that  contained  in  fine  coal. 

By  the  Liihrig  system  the  purer  water  from  the  recovery-tank  is 
being  constantly  admitted  to  the  centre  of  the  jig,  thus  facilitating  the 
deposition  of  the  slimes  and  particles  of  refuse  after  passing  through  the 
felspar  and  sieves. 

The  water  having  passed  through  the  jigs,  flows  to  the  recovery- 
tank,  and  there  the  fine  dust  of  coal  settling  down  is  automatically 
collected  by  the  recovery-apparatus ;  the  product  being  elevated  to  a 
storage-hopper,  where  it  is  drained  and  used  for  a  second-class  coke  or  for 
boiler  firing. 

The  water  in  the  sludge-tank  becomes  comparatively  clear  after  the 
deposition  of  the  solid  particles,  and  after  passing  over  a  weir  into  a  special 
water  tank,  is  again  circulated  by  means  of  a  centrifugal  pump  through- 
out the  washer.  The  quantity  of  additional  fresh  water  required  to 
carry  on  the  process  is  therefore  comparatively  small. 

One  main  feature  of  the  recovery-tank  should  be  large  capacity  and 
area  for  the  proper  deposition  of  the  fine  coal,  and  clarifying  the  water 
for  re-use. 

The  undernoted  table  shows  the  results  of  working  at  several  of  the 
Liihrig  washing-plants  in  this  country  : — 


Capacity  of  Plant. 

Tons  per  Day. 

600 

750 

Percentage  of  Ash 

Unwashed  Fine  Coal. 
22-0 
20-8 

Washed  Coal. 
4-10 
345 

Character  of  Coal 
Non-coking. 

500 

18-0 

4-00 

V 

500 

18*0 

5-40 

>? 

300 
500 

15-8 
11-5 

3-85 
1-80 

Coking. 

300 

17-5 

3-50 

ii 

The  following  table  shows  the  results  of  coal-washing  tests  at  Denaby 
Main  colliery : — 


Fine  Coal 

before 
Washing. 

Pearl  Coal 
(Washed). 

Sludge 
(Washed). 

Coke  made 

from 
Pearl  Coal 

Ash  (per  cent.) 

11-43 

1-8 

7 

3-8 

There  are  four  Liihrig  plants  at  work  in  Yorkshire  and  North  Derby- 
shire at  the  present  time,  viz. : — Denaby,  Wharncliffe  Silkstone,  and 
Staveley ;  and  at  Ackton  Hall,  a  large  washer  is  being  erected,  while  a 
large  plant  is  on  order  for  the  Cadeby  colliery.     All  appear  to  have  given 
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complete  satisfaction.    Of  these,  that  at   Wnamcliffe  Silkstone  is  the 

smallest  and  least  costly,  and  in  mentioning  the  results  obtained  with 
this  plant  a  less  favourable  example  is  taken  than  if  either  of  the  others 
had  been  cited.  As,  however,  it  is  the  one  with  which  the  writer  is 
connected,  the  following  particulars  are  given: — 

The  capacity  of  the  Wharncliffe  Silkstone  washing-plant  is  800  tons  of 
coal  per  day  of  ten  hours.  The  design  of  the  plant  is  not  so  satisfactory 
as  it  might  have  been,  on  account  of  the  very  confined  dimensions 
necessitated  by  the  site.  The  coal  to  be  washed  is  the  small  coal  only 
from  four  different  seams,  nuts  being  excluded.  The  largest  size  of  coal 
sent  to  the  washer  must  pass  through  an  1  inch  mesh  screen.  The 
specific  gravity  of  the  four  coals  is  not  uniform,  but  varies  within  certain 
limits.  To  meet  the  difficulty  occasioned  by  the  mixed  sample,  a 
calculation  based  upon  the  average  proportions  of  each  description  was 
taken  as  a  basis  in  designing  the  plant,  and  on  the  whole  no  practical 
objection  has  manifested  itself,  although  the  proportions  actually  dealt 
with  are  constantly  varying. 

The  coal  is  brought  from  the  pits  to  a  hopper,  17  feet  by  16  feet  by 
1-4  feet  deep.  This  hopper  is  too  small,  and  will  shortly  be  enlarged. 
The  coal  is  separated  at  the  top  of  the  building  by  a  drum-screen  having 
2  mantles  (i  inch  and  f  inch),  which  separate  the  coal  into  three  sizes. 
The  number  of  jigs,  or  washing-boxes,  is  twelve,  six  being  placed  on  each 
side.  Two  of  the  jigs  are  used  for  washing  the  crushed  material  winch 
at  first  passed  away  into  the  dirt-tank,  but  which  contained  a  certain 
proportion  of  coal.  The  product  obtained  from  all  the  boxes,  except  the 
fine  coal,  is  passed  through  a  disintegrator,  and  reduced  to  a  convenient 
size  for  coking.  The  product  is  stored  in  a  large  wooden  hopper,  28  feet  1  ly 
20  feet,  from  which  it  is  dropped  into  iron  waggons  and  taken  to  the  coke- 
ovens.  The  product  from  the  sludge  recovery-tank  was  at  first  used  for 
boiler  firing,  but  it  proved  unsuitable — partly  owing  to  the  caking 
nature  of  the  coal — and  two  additional  jigs  are  now  being  erected  to 
treat  it  specially  for  coking.  It  will  thus  be  seen  that  all  the  coal  passed 
through  the  washer  is  recovered  and  sent  to  the  coke-ovens  with  the 
exception  of  a  small  quantity  of  very  fine  silt,  which  passes  away  with 
the  water  to  the  settling-ponds,  and  which  is  estimated  to  amount  to 
about  3  per  cent,  of  the  coal  washed,  and  a  percentage  of  l_'  per  cent,  of 
coaly  matter  in  the  dirt   equivalent  to  l   per  cent,  mi  the  coal  washed. 

The  total  loss  of  coal  in  treatment  is  therefore  not  more  than   1  per  cent. 

A  comparison  of  cost  with   the   system   formerly    in   operation   at 

Wharncliffe  Silkstone  would  not  be  of  much  practical  value,  inasmuch  as 
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the  old  arrangements  were  antiquated  and  costly.     The  cost  with  the 
Luhrig  washer  is  at  present  as  follows  : — 

Labour : — 

1  engineman,  at  5s.  6d.  

2  chargemen,  at  6s.  3d. 
1  boy,  at  3s.  8d.  

1  boy  (at  dirt  elevator) 

Coal,  stores,  etc. : — 

2  tons  of  coal,  at  6s 

Oil  and  other  stores,  at  4s.  8d. 

Belting,  at  4s.  6d 

Allowance  for  repairs  and  depreciation 

1     6    2 


s. 

Total  Cost. 

a.  £     b. 

5 

6 

12 

6 

3 

8 

1 

6 

1     3 

12 

0 

4 

8 

4 

6 

5 

0 

Total  cost     £2     9     4 

This  cost,  on  300  tons  of  coal  washed  per  day,  is  equal  to  l#98d.  per 
ton  on  the  coal  washed,  or  on  a  yield  of  200  tons  of  coke,  2'66d.  per  ton 
on  the  coke  produced. 

The  amount  of  ash  (fixed  and  loose)  remaining  in  the  coal  after 
washing  is  about  3  per  cent.,  and  as  the  amount  of  fixed  impurity  which 
cannot  be  separated  by  washing  varies  from  1  to  2\  per  eent.,  the  result 
may  be  considered  as  fairly  satisfactory. 

The  writer  is  also  able  to  say  that  since  certain  preliminary  difficulties 
were  overcome,  the  machinery  has  worked  smoothly  and  with  little 
interruption.  He  is  able  to  speak  favourably  of  the  Luhrig  system,  and 
believes  that  its  performance  will  bear  comparison  with  that  of  other 
coal-washing  appliances. 


The  Chairman  said  that  the  members  were  much  obliged  to  Mr. 
Walker  for  bringing  the  question  of  coal-washing  forward,  and  he  had 
great  pleasure  in  moving  that  the  best  thanks  of  the  Intitute  be  given  to 
Mr.  Walker  for  his  paper. 

Mr.  E.  Bainbridge  said  that  he  had  great  pleasure  in  seconding  the 
motion.  An  important  item  had  been  omitted  by  Mr.  Walker,  and  that 
was  the  first  cost  of  the  plant.  Only  prosperous  collieries  could  afford  an 
outlay  of  so  large  a  sum  upon  coal-washing  plant ;  and  for  that  reason 
they  should  consider  whether  there  was  not  some  other  mode  of  cleaning 
coal  which  might  be  done  effectually  without  so  large  an  outlay  as  from 
£5,000  to  £12,000  for  the  plant.  There  were  two  other  systems  which 
cost  as  much,  the  Ooppee  and  the  Baum,  all  three  systems  being  very 
similar.     The  Wood  and  Burnett  system  was  at  work  in  the  county  of 
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Durham,  and  he  hoped  would  soon  be  described  in  a  paper.  It  was  an 
adaptation  of  the  trough  system,  with  a  travelling-belt  and  bridges,  and 
as  the  coal  and  water  passed  down  the  belt  over  the  bridges,  the  dirt  was 
arrested,  and  as  the  belt  went  on  the  dirt  was  dropped  at  the  upper  end. 
The  Elliott  washer  had  a  fixed  belt  and  movable  scrapers  similar  to  an 
ordinary  slack-conveyer,  these  scrapers  carrying  the  dirt  upwards  as  the 
coal  and  water  passed  downwards.  He  was  not  able  to  say  whether  these 
machines  were  as  effective  as  the  more  costly  plant,  but  it  would  be 
desirable  to  know  how  far  they  compared  in  effective  results  with  the  more 
expensive  plants.  The  question  of  working  cost  barely  entered  into  the 
question,  because  Mr.  Walker  showed  a  cost  of  2*6 6d.  per  ton,  and  the 
cost  of  washing  seldom  exceeded  3d.  per  ton  in  the  ordinary  trough 
machines.  Two  very  great  difficulties  in  regard  to  these  machines  and 
others  were  the  immense  number  of  working  parts  to  be  kept  in  order, 
and  the  difficulty  in  dealing  with  the  silt.  If  Mr.  Walker  gave  them 
some  idea  of  the  difficulties  that  he  had  had  with  the  silt,  they  would 
have  some  better  notion  of  the  difficulty  of  coal-washing,  especially  where 
the  coal  formed  iuto  a  kind  of  mud  which  was  most  troublesome  to  deal 
with. 

Mr.  C.  E.  Rhodes  said  he  was  acquainted  with  the  Simon  and  Luhrig 
process,  and  had  made  several  experiments  in  order  to  compare  the  results 
obtained  by  that  process  with  those  got  by  the  old-fashioned  method  of 
washing  small  coals  with  spouts,  and  he  had  found  that,  when  washing 
very  fine  coal,  the  Simon  and  Liihrig  process  was  much  more  efficient 
than  the  spout  process.  In  washing  the  coal  with  spouts,  the  system  he 
adopted  was  to  grind  the  coal  and  then  wash  it,  and  when  so  manipulate  d 
and  the  coal  washed  with  the  greatest  possible  care,  the  resulting  coke 
never  contained  less  than  from  G  to  7  per  cent,  of  ash  ;  but  when  the  same 
coal  was  washed  with  the  Simon  and  Liihrig  process,  a  coke  was  produced 
containing  from  3*5  to  4'5  per  cent,  of  ash  ;  and  this  demonstrated 
conclusively  the  advantage  of  the  latter  system  for  washing  small  coals. 
He  did  not  think,  however,  that  there  was  the  same  advantage  to  be 
obtained  in  adopting  the  Simon  and  Luhrig  process  for  washing  the  Larger 
nuts  and  slack;  nuts  and  slack  could  be  washed  as  effectively  and  as 
cheaply  by  spouts  as  by  the  Simon  and  Luhrig  process  and  at  a  very  much 
less  first  cost  in  plant  and  machinery.  The  great  advantage  of  the  Simon 
ami  Luhrig  process  was  the  felspar  arrangement  for  dealing  with  the  vrery 
line  dirt  ;  but  the  same  difficulty  arose  with  this  process  as  with  every 
other  system  * . i  washing  and  that  was  the  difficulty  of  dealing  with  the 
SCUm.       The  scum    was    practically    an    almost    impalpable   powder,    and 
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although  it  floated  on  the  top  of  the  water  it  contained  a  very  large 
percentage  of  ash,  and  therefore  although  the  scum  could  be  intermixed 
with  the  slack  and  coked,  it  certainly  increased  the  percentage  of  ash  in 
the  coke.  He  was  of  opinion  that  it  was  advisable  to  let  the  scum  float 
away  and  collect  it  in  large  settling  tanks,  and  when  dried  it  could  be 
used  for  burning  bricks  in  brick-kilns,  for  foundry  purposes,  and  for 
boiler-firing  when  mixed  with  slack  ;  and  as  the  scum  could  be  utilised  he 
was  of  opinion  that  it  should  be  kept  out  of  the  coke. 

Mr.  Thirkell  asked  whether  the  scum  was  fired  in  the  ordinary  way 
in  burning  bricks  ? 

Mr.  Rhodes  said  that  the  bricks  were  set  in  the  kilns  as  if  making  a 
clamp  and  fired  with  the  scum  mixed  with  slack  in  the  ordinary  way.  He 
believed  that  a  great  part  of  the  large  cost  of  the  Simon  and  Liihrig  plant 
was  the  sizing  of  the  coal,  but  no  effective  washing  could  result  from  any 
system  without  that  process  being  adopted,  washing  by  any  principle  must 
resolve  itself  into  a  question  of  gravitation,  and  therefore  the  nearer  the 
various  particles  can  be  brought  to  a  uniform  size  the  more  effective  must 
be  the  system.  He  was  given  to  understand  that  the  Liihrig  plant  to 
deal  with  from  400  to  600  tons  per  day  would  cost  about  £12,000,  and 
this  undoubtedly  was  a  very  large  sum,  but  in  dealing  with  a  dirty  seam 
of  coal  the  most  effective  and  economical  way  of  cleaning  the  various 
classes  of  small  was  the  washing  system,  and  the  Simon  and  Liihrig  was 
undoubtedly  most  effective  for  accomplishing  that  end. 

Mr.  E.  Bainbridge  pointed  out  that  two  machines  might  be  used,  one 
for  washing  the  fine  coal,  the  trough  being  used  for  the  large  coal. 

Mr.  Nash  asked  whether  the  sum  of  £2  9s.  4d.  per  day,  being  the 
cost  of  washing  300  tons,  was  derived  from  experience  over  any  con- 
siderable period  and  included  the  upkeep  of  the  washer,  or  was  it  simply 
an  estimated  amount  ? 

Mr.  Walker  said  that  the  amount  was  the  average  cost  since  the 
beginning  of  the  year,  but  the  plant  had  been  at  work  for  two  years. 

Mr.  Nash  said  that  as  the  jiggers  worked  continually  under  water,  it 
would  not  be  long  before  some  of  them  required  replacing,  and  that 
might  be  very  expensive. 

Mr.  Walker  was  not  sure  whether  it  was  fair  to  the  Liihrig  system 
to  make  much  of  difficulties  which  did  not  belong  to  the  system  but  to 
special  features  of  this  plant.  They  had  had  some  difficulty  with 
their  very  fine  sludge  which  perhaps  would  not  arise  in  every  case.  They 
tried  to  fire  the  boilers  with  it,  and  found  it  was  of  such  a  nature  that 
it  would  not  burn  at  all  well  under  the  boilers.     Great  expense  was 


352  DISCUSSION — THE    LUIIRIO    SYSTEM   OF  COAL- WASH  IN'!. 

incurred  in  drying  the  sludge.  It  was  proposed  bo  put  in  a  couple  of 
additional  wash-boxes  to  deal  with  the  sludge,  because  theu  they  would 
deal  with  it  with  the  same  labour  in  washing  as  now,  whereas  if  troughs 

were  QSed,  an  extra  man  was  required  to  attend  to  them.  As  to  the 
suggestion  of  washing  nuts  in  the  spout  and  fine  coal  in  the  washer,  if  a 
washer  was  erected,  it  would  be  most  economical  to  treat  all  the  coal 
together:  if  the  nuts  were  washed  at  the  spout,  they  must  have  Labour 
there,  and  they  must  have  labour  at  the  washer,  whereas  one  labour-cost 
would  deal  with  them  simultaneously  at  the  washer 

Mr.  Rhodes  said  his  suggestion  was  that  if  slack  only  had  to  be 
washed,  it  could  be  washed  as  efficiently  by  the  old  spout  system  as  by 
the  Liihrig  washer. 

Mr.  Walker  said,  with  regard  to  the  cost  of  maintenance,  that  he  found 
that  belts  were  the  most  expensive  item.  Another  matter  was  the  costly 
draining-drums :  when  the  wet  stuff  came  from  the  jigs,  it  went  with  the 
stream  of  water  and  passed  into  a  cylindrical  drum  lined  with  brass  wire- 
gauze.  The  water  contained  a  certain  amount  of  acid  which  destroyed 
the  wire  quickly  ;  perforated  steel  was  now  being  used.  The  sieves  in 
the  wash-boxes  or  jigs  had  been  renewed  twice  in  two  years.  The 
machinery  itself  would  not  be  costly  to  maintain,  and  the  wear  and  tear 
would  be  small.  The  great  advantage  in  their  case  was  this,  that  they 
could  now  use  for  coking  the  very  worst  coal,  whilst  formerly  they  were 
obliged  to  use  better  coal.  The  first  cost  for  buildings  and  everything 
complete  might  be  taken  at  £20  per  ton  of  coal  washed  in  a  shift,  say,  of 
ten  hours  ;  if  500  tons  of  coal  were  washed  per  day,  the  plant  would  cost 
£10,000. 

Mr.  Henry  Wormald  said  that  Mr.  Walker  stated  it  was  better  to 
treat  nuts  at  a  higher  level  than  smudge — he  should  like  to  know  why 
this  arrangement  was  better  than  having  the  whole  of  the  jigs  or  boxes 
on  one  floor. 

Mr.  Walker  said  that  the  separation  of  the  sizes  was  regulated  so  as 
to  allow  a  certain  portion  of  the  fine  stuff  to  pass  forward  from  the  nuts 
to  the  fine  coal- washer,  and  nothing  to  pass  to  the  nut-spout  but  coal  of 
proper  size.     It  also  prevented  loss  of  water. 

Mr.  Rhodes  asked  whether  Mr.  Walker  had  tried  light  chains  instead 
of  driving-belts  ? 

Mr.  Walker  said  he  used  them  for  other  purposes,  but  not  in  the 
washer.  The  belts  ran  at  very  high  speeds,  and  he  could  not  imagine 
chains  running  at  the  speed  which  some  of  the  belts  attained. 
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Mr.  Rhodes  said  that  would  be  got  over  by  a  larger  driving-wheel 
and  a  smaller  pinion  on  the  shaft  of  the  jigger. 

Mr.  "Walker  said  in  some  cases  that  would  be  so,  but  even  chains 
had  been  renewed. 

The  Chaieman  said  his  experience  was  that  washers  were  more 
applicable  to  mines  of  dirty  and  tender  coal,  than  to  clean  seams  practi- 
cally free  from  tender  coal  and  dirt-partings.  In  the  case  of  Deuaby 
Main,  it  had  enabled  them  to  put  coke  on  the  market  equal  to  that  of 
any  other  Yorkshire  colliery.  He  had  had  fine  coke-dust  made  into 
briquettes  with  a  solution  of  lime  and  refuse  wheat  to  cause  it  to  adhere 
without  tar,  and  these  had  been  successfully  tested  at  Sir  John  Brown  & 
Co.'s  works.  They  might  use  the  dirt,  the  scum,  by  making  it  into 
briquettes,  for  brick-making,  for  firing  boilers  by  having  special  bars  or 
special  blast,  or,  as  adopted  by  marine  engineers,  an  exhaust  fan.  Steam 
was  raised  at  the  Mitchell  Main  collieries  with  the  road  cleanings  mixed 
with  slack.  First  cost,  however,  must  be  the  guide  in  considering  what 
they  were  going  to  obtain  as  results  of  the  outlay.  If,  as  at  Denaby  Main 
colliery,  they  could  make  use  of  something  which  had  hitherto  been  a 
source  of  loss,  if  they  could  turn  the  loss  into  a  gain,  it  became  a  ques- 
tion whether  they  would  not  be  doing  right  in  spending  a  large  sum  of 
money  to  realize  that  object.  He  then  moved  a  vote  of  thanks  to  Mr. 
Walker  for  his  paper,  and  it  was  carried  unanimously. 

Mr.  Walker,  in  acknowledging  the  vote,  said  he  was  conscious  that 
the  paper  was  incomplete,  and  would  be  very  glad  to  supplement  it  with 
further  information. 
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